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ADVERTISEMENT. 


N this Edition the Reader will find 
ſeveral Alterations and Additions 
which were not in the former, though 
in general we had the old Plan ſtill in 
View. The firſt Chapter is entirely 
New ; and we hope, that the Altera- 


tions which have been made in the others 


will be approved of. We have ſpared 
no Pains to perſect our Deſign, which 
was to render the Whole more intell:» 
gible and uſeful to the Practical Sur- 
veyor. The Plan of the Work will beſt 


appear from the following T able of Con- 


tents, and therefore any Account of it 


here will be ſuperfluous. Put we will 
venture to add, that, if the young Artiſt 


will take as much Pains in reading as 


we have taken in writing this T reatiſe, 


he will become a complete Mater of the 
Art of Surveying. | 
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THE 


Practical SURVEYOR: 


re. 
Containing fuch Definitions and Pro- 


blems, as are very neceſſary for Be- 
ginners before they enter upon Sur- 


Veying. 
SECT. I. Definitions. 


„ CHKCLE 


NJ & CIRCLE is a plain Figure 
contained under one I. ine called 
Ng A Wa" the Circumference, unto which all 
BY j/@y\ Straight or Right Lines drawn 
TEE from the Center, are equal one to 
else the other. A Right Line drawn 
through the Center and contained on both Sides to 
the Circumference, is called a Diameter ; and halt 
the Diameter, or any Line drawn from the Center to 
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the Circumference, is called Radius. Thus, the 
Fig. 1. CADBF is a Circle; of which the outward 
Line ADBF is the Circumference; the middle Point 
C is the Center; the Straight Line AB is a Diameter, 
and either of the Lines CB, CA, CE, or CD, drawn 
from the Center to the Circumference, is a Radius. 
The Diameter as AB divides the Circle into two 
equal Parts, CADB, CAFB, each of which is 
called a Semicircle : And the fourth Part of a Cir- 
cle, as CAD, or CDB, is called a Quadrant. An 
Arch of a Circle is any Part or Portion of the Cir- 
cumterence, as AE or ED, EDB, Sc. 

The Circumterences of all Circles, whether they 
be large or 1mall, are commonly underſtood to be 
divided into 360 equal Parts, called Degrees: And 
each of theſe Degrees are again ſuppoſed to be ſub- 
divided into 60 equal Parts, called Minutes. So 
that half the Circumference contains 180 Degrees; 
a Quadrant is go Degrees; and the Bigneſs of « every 
Arcb, or the Proportion which it bears to the whole 
Circle, i is expreſſed by the Number of Degrees and 
Minutes it contains. And ſince all Circles are di- 
vided alike, a Degree is not to be accounted a 
Quantity of any determinate Length, as ſo many 
Inches or Feet, &c. but is always to be reckoned 
as being the 360th Part of the Circumference of any 
Circle, without regarding in the leaſt the Bigneſs of 
the Diameter or Radius of that Circle: And if the 
Arch AE contains 50 Degrees, the little Arch ae 
contains juſt as many; for each of theſe Arches 
have exactly the ſame Proportion to their reſpective 
Circles, one wich the other. 

Note, Degrees and Minutes are often expreſſed 
by placing an » over the reſpective Numbers: 
Thus 24 30“ 1s 24 Degrees and 30 Minutes. 


II. Of 
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H. Of an ANGLE. 


When two ſtraight Lines incline to one anothet 
and meet in a Point, they form what is called an 
ANGLE: the Point where the Lines meet, is 
called the Angular Point; and the two Lines which 
include the Angle, are called the Legs, or the con- 
taining Sides of the ſaid Angle. Thus, in Fig. 2. 
the Lines AC, BC or an Angle at C; and the 
ſaid Point C where the Lines meet is called the An- 

ular Point. „„ 

The Meaſure of an Angle is an Arch of a Circle 
deſcribed from the Angular Point, and which is 
intercepted betwixt it's Legs: Thus, the Arch DE 
or de is the Meaſure of the Angle made by the two 
Lines CA, CB. An Angle is eſteemed greater or 
leſs according to the Aperture of it's Legs, or as 
the Arch intercepted between them contains more 
or fewer Degrees. And hence it may be obſerved; 
that the Bigneſs of an Angle doth not any ways 
depend upon the Length of the including Sides; tor 
if the Lines CA, CB, one or both be produced ever 
ſo far, or cut off ever ſo ſhort, the Angle C would 
not thereby ſuffer any Change, or be made either 
bigger or leſs; nor is it material whether it be mea- 
ſured by the Arch DE or de: for all Arches de- 
{cribed from the Point C, and intercepted between 
the Lines CA, CB, contain exactly the ſame Num- 
ber of Degrees and Minutes | 

Note, When more than two Lines meet the 
Tame Point, in order to ſpecify particularly any one 
of the Angles formed thereby, it is neceſſary it ſhould 
be expreſſed by three Letters; whereof that at the 

Angular Point is uſually placed in the Middle: 
Thus, in Pig. 3. the Angle formed by the Lines 
AC, EC, is expreſſed by ſaying the Angle ACE: 
and the Angle formed by EC and DC, is expreſ- 
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ſed ECD or DCE : (for it is not material which 
Letter be placed firſt, ſo that at the Angular Point 
be placed in the Middle. ) But when there are only 
two Lines meeting at the ſame Point, the Angle 
may be expreſſed by a ſingle Letter, as the Angle 
S 

Mole, Inſtead of the Word Angle, this Character 
L. is often uſed. Angles are diſtinguiſhed into 
Right, Acute, and Obtuſe. 

A Right Angle 1s that which contains go Degrees, 
as the L DCA or DCB in Fig. 1. and Fig. 3. An 
Acute L. is that which is leſs than go Degrees, as 
ACE, ECD. An Obtuſe-Angle is greater than a 
right Anele, as ECB. 

Nete, Both Acute and Obtuſe Angles are ſome- 
times called in general Terms Oblique on with- 
out farther DiſtinRtion. 


III. Of Perpendicular and Parallel Lines. 


A Line is ſaid to be Perpendicular to another 
when it forms an I with it of go Degrees, or when 
it ſtands uprightly upon it without leaning more to 
one Side than the other; as in Fig. 1. and Fig. 3. 
the Line DC is perpendicular to AB; alſo the Lines 

CB, CA, are each of them perpendicular to CD. 
A Perpendicular is the ſhorteſt Line that can be 
drawn from an aſhgned Point to a given Line; ſo 
DC is the ſhorteſt Line that can be drawn from the 
Point D to touch the Line AB. 

Parallel Lines, are ſuch as are every-where equi- 
diſtant one from the other; and if infinitely pro- 
duced on either Side, would never meet ; as the 
Lires AB, CD, Fig. 4 

Lines are ſaid to by Oblique, when they ar are nei- 
ther Parallel nor Perpendicular to cach other. 


IV. Of 
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IV. Of « TRIANGLE. 


A TRIANGLE is a Figure comprehended within 
three Right Lines, called Sides. If a Triangle hath 
all it's Sides equal, it is called an Equilateral Trian- 
gle; if only two Sides are equal, it is called an 
Tſoſecles; and if all the three Sides are unequal, it is 
called a Scalene Triangle. Allo a Triangle having 
one of it's Angles right, is called Right- Angled , 
and all others are called Oblique- Angled Triangles. 
But theſe Diſtinctions need not be regarded by a 
Practical Surveyor. 


V. Of 2uadrilateral or Four-fided Figures. 


A Quadrilateral Figure having it's oppoſite Sides 
parallel (and conſequently equal) is called a Pa- 
RALLELOGRAM, as ig. 3, 6, and 7. It the Sides 
are all equal, and all the Angles right, as in Fig. 5. 
it is particularly called a Square. When the Angles 
are all right, and only the oppoſite Sides equal, as 
in Fig. 6. it is called a Right- Angled Paralle/ogram ; 
and when the Angles are oblique, as in Fig. 7. it is 
called an Oblique- Angled Parallelogram. 

A right Line (as CB, Fig. 5, and 6, and AD, 

Fig. 7.) drawn in a Parallelogram between two op- 
polite Angles, is called a Diagonat; and this Dia- 
gonal divides the Parallelogram into two Triangles 
which are exactly equal one to the other, i. e. the 
Triangle ABC 1s equal to the Triangle BCD, 
Fig. 5, and 6; and the Triangle ACD 1s equal 
to ABD, Fig. 7 

All Quadrilateral Figures, which are not Paral- 
lelograms, are called Trapezia. 
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er. . 


Shewing how to draw Per pendiculars and Pa- 
rallels; with the Deſcription and Uſe of the . 
Parallel Ruler, Protractor, and the Plotting- 
Scale. 


J. From any aſſigned Point C in a given Line AB, to 
erelt a Perpendicular CD upon the ſaid Line A B, 
Fig. „ 3 


TWVAKE any convenient Diſtance, and lay the 

ſame from C on each Side, as ton and ; 

then having opened the Compaſs a little wider, from 

the Points a, &, deſcribe two ſmall Arches interſect- 

ing one another at D, and through the Point of In- 

terſection draw the Line DC, which is the Perpen- 
dicular required. 

If the given Point A be in, or near the End of 
the Line BA, as in Fig. 9g. and it be required to 
erect a Perpendicular AC; | 
With any Extent A à deſcribe an Arch ad, then 
lay off the ſame Extent from à to h, and from 5 to 
d: From the Points þ and 4, deſcribe two ſmall 
Arches interſecting each other at C, and through 
the Point of Interſection draw the right Line CA, 
which will be the Perpendicular required. 

Or, if you cannot go ſo far as d, lay a Ruler over 
the Points a and , and mark where it interſects the 
Arch which was deſcribed from 4, then through that 
Interſection draw the Line CA, as before. 

Or take any Diſtance and lay it ſomewhere from A. 
above the given Line, Fig. 10. as to ; and from the 
Point þ as a Center, deſcribe an Arch greater than a 
Semicircle as a AC; then through the Center , and 
the Point à (where the ſaid Arch croſſes the given 
Line) draw a right Line @ C until it croſſes the Arch 
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in C; a Line CA drawn through the Point of Inter- 


ſection C, is the Perpendicular required. This Me- 


thod may be readily put in Practice by a Ruler and 
a Pair of Compaſſes, without deſcribirg any Arch; 
for, having taken any Extent, and laid | it ſomewhere 
from A to b, keep fixed that Foot which is in E, 
and turn the other about until it falls upon the given 
Line, as at a: The Compaſſes reſting in this Poſition, 
apply a Ruler cloſe to it's Legs, and keep it fixed 
while you turn the Foot which is in à, until it 
touches the Ruler in C; a Line drawn from C to 
A, will be the Perpendicular required, as before. 


II. From à Point given C, to let fall a Perpendicular 
upon a given Line BD, Fig. 11. 


From C deſcribe an Arch that ſhall cut the given 
Line in two Places, as in à and 2; then from the 
Points a, b, deſcribe two Arches interſecting each 
other in d; a Ruler being laid from C to d, by the 
Edge thereof draw the right Line CD, which wall 
be the Perpendicular required. 

Or, from the Point given C, Fig. 10. draw any 
right Line Ca, which biſect in 2, then with the 
Extent & c or & à detcribe an Arch interſecting the 
given Line BD as in A; then CA is the Perper- 
dicular required. 

Nete, A Perpendicular, from any lanes Point, 
may be drawn without uſing Compa es, by the 
Help of a ſmall Square of Braſs, in the Form of a 
Carpenter's Square or by a Scale in a Cale of bn 
ſtruments, that hath a right Angle, Sc. Thus, 
if you apply one Side of the Square cloſe to the 
given Line, ſo as the other Side (or the Corner of 
it when the Point is given in the Line) may touch 
the given Point; a Line drawn by this Side of. che 


Square, will be the Perpendicular required, | 
B 4 It 
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If the Corner of the Square be a little blunt, you 
muſt make an Allowance when you apply it to a 
Point in a Line; and when you are drawing a Per- 
pendicular, you muſt ſtop before you reach the 
given Line, and afterwards continue quite home 
that Part of the Perpendicular which is already 
drawn: but how to draw a Perpendicular by the 
Side of a Square, is obvious to every one, 


III. Of the ParRALLEL RULER, ond how to draw a 


Line through any aſſigned Point, parallel to another 
3 


The Parallel Ruler may be made of either Wood, 
Ivory, or Braſs: It conſiſts of two Rulers joined 
together in ſuch a Manner, that if while one is kept 
fixed, the other be opened or drawn out, 1t will al- 
ways keep parallel to it's firſt Situation. Theſe In- 
ſtruments are very u'eful, and ready for what they 
are deſigned : They are made of various Lengths, 
from about 5 Inches upwards ; but for common 


Ule a ſmall one made of Ivory, or ſome hard Wood 
is the moſt handy, 


Let it be required to draw through a given Point C, 
a right Line parallel to another given Line AB, 
Fig. 4. | 


Lay the Edge of the Parallel Ruler cloſe to the 
Line AB, then keeping the lower Part of it from 
ſlipping, move the upper one til] it touches the 
Point C, and by the Edge thereof draw the Line 
CD, which will be the Parallel required, 

If the Point C happens to be farther than the Pa- 
ralle] Ruler will reach at once opening ; having 
opened it as far as you judge proper, keep the upper 
Leg fa't, while you bring the lower to it; then open 
the upper Leg a ſecond, and if it be neceſſary a third 


Time, 
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Time, Sc. till it reaches the Point C, and draw the 
Line CD as before; but great Care is neceſſary in 
this Operation. 

The Parallel Line CD may be drawn without 
the Help of a Parallel Ruler; thus, 

From the given Point C, take, with a Pair of 
Compaſſes, the neareſt Diſtance (as C a) to the 
given Line AB; then with that Extent from ſome 
Point as 6, near the End of the given Line, deſcribe 
an Arch: a right Line CD drawn through the Point 


C, ſo as to touch that Arch, will be the Parallel 
Line required. 


* 


IV. Of the PRorR Acro; and how to make or 
meaſure an Angle of any Number of Degrees. 


The Protractor is uſually made of Braſs, and it 
may be either a whole Circle, or a Semicircle. The 
\ whole Circle is divided into 360 Degrees, all which 
are numbered the ſame Way; vide Frontiſpiece. 
The Semicircular Protractor, I think, is the beſt for 
common Uſe ; and this is divided into 180 De- 
grees, which are numbered both Ways, as in the 
outer and innermoſt Scale of Number, Fig. 12. the 
Diviſions on the Limb ſerving equally for both. 
Between theſe there is another Scale of Numbers, 
reaching from 180? to 360: This middlemoſt 
Scale is placed entirely for the Sake of Surveyors, 
but at preſent we ſhall have no Uſe for it, nor is it 
uſually placed upon common Protractors: Alſo 
when this 1s placed, the innermott 1s commonly 
omitted : hut that the Inſtrument may be fit for all 
Purpoſes, it is beſt to have all three. Protractors 
are made of different Sizes, but thoſe for Surveyors 
mould be at leaſt of ſix or ſeven Inches Diameter. 


To 
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To make an Angle of any given Number of 
Degrees. | 


Lay the Center of the Protractor to the Angular 
Point, and bring the fiducial Edge (or the Edge 
paſſing through the Center) cloſe to the given Line; 
then from that End of the Protractor which cuts 
this Line, count the given Number of Degrees and 
Minutes in the Limb, and there make a Point; 
a Line drawn through this Point will form the 1 
required. 

Example, If it be required to make an Lat the 
Point C, (Fig. 12.) taken in the Line CA, of 45 
Degrees ; lay the Center of the Protractor to the 
Angular Point C, ſo that the Edge @ C lies all the 
Way cloſe to the given Line AC; then from this 
Line count 45 Degrees; and there make a Mark 
(with the Point of a | Needle) and through this Mark 
draw the Line CD, which forms the I required: 
this Line forms, with the Lint CB, an | of 135 
Degrees, as is ſhewn by the inner Scale of Nane 
In like Manner, to make an Angle at 8 with the 
Line CB, for Inſtance of 347, or 40“: Having 
rectified the Protractor, as before directed, count 34 
Degrees (now in the innermoſt Scale) and for tlie 
40 Minutes eſtimate as near as you can two-thirds 
of a Degree more, and there make a Prick or Point: 
A Line CE drawn through this Point makes the 
Angle BCE 34* 4o”; whence the LACE is 1457, 
20', as is ſhewn by che outermoſt Scale. 

Note, If the given Line ſhould not be fo long as 
the Radius of the Protractor, it will be neceſſary to 
continue it farther; and then having placed the Cen- 
ter of the Inſtrument exactly to the Angular Point, 
turn it about till the Beginning of the Diviſions cut 
the given Line. By this Means the Protraftor may 


be adjuſted more accurately than it can by truſting ' 
altogether 
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altogether to the fiducial Edge; and remember al- 
ways to count the Degrees in 1 that Scale which be- 
gins on the ſame Side of the Angular Point that the 
given Line 1s of. 

How to find the Number of Degrees contained 
in an Angle already made is ſelf- evident; for hav- 
ing adjuſted the Protractor to the Center and to one 
of the Legs of the given Angle, the other Leg 
(produced if need be) vill cut the Degrees wh: ich 
the L contains, Thus, in Fig. 12. the | ACD 
contains 45 Degrees, BCD 135 Degrees, BCE 


34 Degrees 43 Minutes, and ACE 145 Degrees 
20 Minutes. 


Of the PLOTTING-SCALE. 


The Sides of all right-lined plain Figures may 
be meaſured and laid down upon Paper, according 
to the Proportion which they bear to one another; 
by the Help of right Lines divided into equal Parts: 

p heſe Lines are called Scales of equal Parts; and a 
Ruler having ſeveral of thele placed upon it, is 
utually called a Plotting-Scale. Theſe Scales are 
made of different Sizes, and we uſe either of them 
indifferently, according to what Dimenſions we 
would have our Plan or Figure be of, upon the Pa- 
per. Theſe Scales are divided firſt into large Divi- 
ſions, which are numbered o, 10, 20, 30, Cc. Fig. 
10. the firit of theſe between o and the End, 1s again 
ſubdivided into ten equal Parts, and this ſery es for 
a common Diviſion for all the reſt. The ſmall Divi- 
ſions may either ſtand for Units, and then the large 
ones will be Tens, according to the Numbers; or 
the imall ones may be Tens or Tenths, &c. and then 
the large Diviſions will accordingly be Hundreds or 
Units, &c. They may alſo ſtand for Feet, Yards, 
Miles, &c. according to the different Purpoſes they 

Are 
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are applied to. A Builder would conſider them as 
Feet; a Land-Surveyor as Chains or Perches; and a 
Sailor would make them ſtand for Miles or Leagues. 
Moſt Scales are numbered at the End, which Num- 
bers ſhew how many Parts of the reſpective Scales 
are contained in an Inch: As in the Scales A, B, 
and C, the Numbers 20, 30, 40, ſhew that ſo 
many Parts of theſe Scales reſpectively are con- 
tained in an Inch. 


To take any Extent upon the Scale which may repreſent 
any given Number; fer Example, 56. 


Set one Foot of the Compaſſes in 30, and extend 
the other to 6, reckoning trom o towards the End, 
and that Extent will be 56, which may ſignify 56 
Feet, or 56 Perches, &c. Note, The Diviſion for 
5 is always drawn out a little longer than the reſt, 
tor eaſe in counting. Let it be required again to 
take off 436; ſet one Foot of the Compaſſes in 40, 
which in this Caſe ſtands for 420, (and conſequently 
the ſmall Diviſions at the End are each of them 10) 
and extend the other as near as you can eſtimate to 
To of the Diſtance between 5 and 6, which Point 
is 56, and therefore the whole Extent between the 
Compaſſes is 456. 

N. B. The Manner of uſing all theſe Scales is 
the ſame, and you may chuſe either of them indif- 
ferently, as it beft ſuits your Purpoſe ; but you 
muſt remember always to uſe the ſame Scale in 
laying down or meaſuring the Sides of the ſame 
Figure, and the Figures that are in the ſame Plan 
or Draught. 


When the ſmall Diviſions at the End are ac- 
counted ſo many Tens, a Number may be taken 
off more accurately by ſuch a Scale as P, called a 

5 Diagonal 
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Diagonal Scale. Thus, for Example, to take off 

the Number 450. | 
Set one Foot of the Compaſſes in 4, on the Side 
of the Scale, which in this Caſe ſtands for 400, 
and carry it in that Line until you come to the 6th 
Parallel Line, reckoning upwards from c towards 
a; then extend the Compaſſes from that Point to 
the Point of Interſection of the foreſaid Parallel 6, 
and the Diagonal 30, (reckoning the Diviſions at 
the End of theſe Diagonals from d to e, each of 
them 10) and that Extent is 456 : this may alſo 


5 6 


ſignify 45, Or 445, 4560, Sc. 


If a Line be given, to find how many Parts it contains, 
according to any affigned Scale, 


Take the ſaid Line between the Compaſles, and - 
apply that Extent to the Scale, ſo that one Foot be- 
ing placed in one of the large Diviſions, the other 
may fall among the ſmall ones; the Number con- 
tained between the Feet of the Compaſſes, ſhews 
the Length of the Line according to that Scale. 
Thus a Line which meaſures 36 upon the Scale 20, 
will meaſure 54 upon the Scale 3o, and 72 upon 
40; and ſo upon any other Scale more or leſs ac- 
cording to the Proportion which it bears to thoſe 
above mentioned. 

If the Diagonal Scale be uſed, ſet one Foot of the 
Compaſſes in ſuch a one of the large Diviſions, that 
the other may fall among the Diagonals at the End ; 
then carry both Feet parallel to the Side of the Scale, 
until that which is at the Top interſects one of the 
Diagonals, and the Number between the Compaſſes 
(being rightly counted according to the Directions 
above given) will be the Length required. 

By the Scale 20, the Side A B of the Triangle 
ABC, Fig. 14. meaſures 335, A C 276, and BC 

304.2 
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204: and by the Scale 40, the Sides ab, ac, ba, 
of the Triangle abc, will meaſure each reſpectively, 


the ſame with the Sides' of the Triangle ABC; 
ſo that each of theie Triangles may repreſent the 
ſame Quantity of Superficies, as ſuppoſe Acres of 


Land; though one upon the Paper is four times 


bigger than the other. 


It may not be amiſs here to ſhew, how with three 


given right Lines to make a Triangle; for Example, 


Let there be given theſe three Numbers 333, 276, 


and 204. Having drawn a right Line, take 333 


off ſome Scale (ſuppoſe that of 20) and lay that 
Extent from A to B; then having took 276 from 


the ſame Scale, ſet one Foot of the Compaſſes in A, 


and with the other deſcribe an Arch at C; from B, 
with 204 between the Compaſſes, deſcribe another 


Arch interſecting the former, and to this Point of 
Interſection draw the Lines AC, BC. 


EN £7; at: 


Shewing how to find the Area or ſuperficial Con- 


teu of any plain right-lined Figure. 


A AGNT: TUDES are diſtinguiſhed into Lines, Su- 


peil ficies and Solids: And every Magnitude is 
meaſurable by tome other Magnitude of the ſame 
Kind, taken as a Standard; as a Line by a Lineal 
Foot, &c. Superficies, by a Square Foot, &c. and 


a Colid by a Selid Foot, &c, But our Buſineſs here 


- 


is only to meaſure Superficies; and the Quantity 


or Content of any Superficies is called it's AREA. 


I. To find the Area of a right-angled Parallellogram. 


Multiply the Length by the Breadth, and the Pro- 


duct will be the Area or Content. Thus, if in 
Fig. 13. the Side AB be five Feet, and AC two Feet, 
the 


— — 


_— 


q 


* 
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the Area or Contents of the right-angled Parallelo- 
gram AB CD is ten ſquare Feet: Alſo if AB in 
Tig. 16. be 10 Feet, and AC 10 Feet, the Con- 
tent of the Square ABD C is 100 ſquare Feet. If 
the Dimenſions of the Sides be Inches, or Perches, 
Sc. the Products will be accordingly ſquare Inches, 
or ſquare Perches, Sc. 

The right-angled Parallelogram is the original 
Figure, from whence we learn to meaſure all plain 
right. lined Figures. But before we proceed an 
farther, it may be proper to premiſe the following 
Lemma. 


* 2 IS . 
MF — 8 


Lemma 1. 


Fig. 17. Parallelograms ABD C, AB FE, which 
are upon the ſame baſe AB, and between the ſame 
Parallels AB, CF, are equal one to the other. 
Euclid, Lib. 1. Prop. 35. 


For the Triangle BDF, which is added to one, . 
is equal to the Triangle ACE which is left out of 
the other. Wherefore, becauſe the Product of AB 
multiplied by BD, gives the Area of the Parallelo- 
gram ABD C; this Product will alſo give the Area 
of the Parallelogram ABFE. Hence we learn, 


II. To find the Area of any Oblique-Angled Paral- 


lelogram. 


Let fall a Perpendicular from one of the Angles 
upon the oppolite Side, and multiply this Side by 
the ſaid Perpendicular ; ; the Product will be the 
Area required. 6 

Fig. 18. Let the Perpendicular E a let fall upon 
the Baſe AB be 27 Feet, and let the ſaid Baſe be 
34 Feet; then the Area of the Parallelogram ABEF 
will be 918 /quare Feet. 

It would be the ſame Thing if the Perpendicular 
be let tall from my other of the Angles, as from 

F 
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F upon AB produced; but then the Perpendicular 
Fb muſt be multiplied by the Baſe AB (which is 
equal to 45) and not by the whole continued Line 
Ab. 

Lemma 2. 


Fig. 19. If a Parallelogram ABDE and a Triangle 
ABC have both the ſame Baſe AB, and are be- 
tween the ſame Parallels AB, DE; the Parallelo- 
gram ſhall be double to the T riangle. Eucl. Lib. I. 
Prop. 41. 

For the Triangle DCA is equal to the Triangle 
A Ca, and the Triangle BCE is equal to the 
Triangle BCa. W herefore, becauſe the Product 
of AB multiphed by C (which is equal to D A) 
gives the Area of the Parallelogram ABED, this 
Product will be double to the Area of the Triangle 
ABC. Hence, 


III. To find the Area of any Triangle. 


Fig. 20. Let fall a Perpendicular from one of the 
Angles upon it's oppoſite Side, which may be called 
the Baſe then halt the Perpendicular multiplied by 
the whole Baſe, or the whole Perpendicular by half 
the Baſe, will be the Area; or multiply the Baſe 
and Perpendicular together, and half that Product 
will be the Area. Thus, if the Perpendicular Ce 
be 15, and the Baſe AB 39, the Area of the Tri- 
angle ABC will be 2922. 

Note, The Perpendicular may be let fall from 
what Angle you pleaſe : Thus, the Perpendicular 
8 let fall upon BC produced, being multiplied 

by the (now) Baſe BC, or the Perpendicular B 4 
let fall upon A C produced, being multiplied by 
AC, will give the ſame Product as before, viz. 
2924. But it is beſt to draw your Perpendicular 
from tuch an Angle, that it may fall within the 

Trias; 3 
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Triangle, which it will always do, if it be drawn 
upon the longeſt Side: Allo in acute-angled Tri- 
angles, a Perpendicular drawn from either of the 
Angles will always fall within the Triangle. 

Note, You need not actually draw the Perpen- 
dicular, but only take with your Compaſles the 
neareſt Diſtance from any Angle to the oppoſite 
Side, which mult be produced, if the Angle at the 
End of the Baſe be obtuſe. Note alſo, when the 
Perpendicular falls without the Triangle, as Bd or 
Ab, you muſt take for your Baſe only the Side of 
the Triangle AC or BC, and not the whole conti- 
nued Lines Ad or Bd. 


IV. To find the Area of a Trapezium, as ABCD. 
Fig. 21. 


— 


Draw a Diagonal, as BC, between two of the 
oppoſite Angles, and this will divide the F. igure into 
two Triangles, each of which may be meaſured 
ſeparately by the foregoing Article; and theſe two 
Areas will be the Area of the Trapezium. 

Note, You ſhould always draw the Diagonal be- 
tween two ſuch Angles, that the Perpendiculars 
drawn upon 1t from the two other Angles may fall 
within the Figure: And inſtead of meaſuring the 
Triangles ſeparately, it is beſt to add the two 
Perpendiculars todether ; then half this Sum mul- 
tiphed by the Diagonal, or the Sum of the two 


Perpendiculars by halt the Diagonal, will be the 
Area required. 


* 


= | Thus 
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Thus, if BC be 46, Aa25, 34 2)46 
and D þ 343 25 — 
59 
23 
i 177 
The Area of the Figure 118 


— — — 


ABCD is — — 1337 


V. To find the Area of any multangular rectilincal 
Figure, as ABCDEFGHLI Fig. 22. 


Reduce the given Figure into Triangles, by 
drawing as many Diagonal Lines as are neceſſary, 
which Diagonals muſt be drawn ſo as not to inter- 
ſect one another; then having firſt found the Area 
of the Trapeziums ABET, find ſeverally the Areas 
of the Triangles CDE, EF G, and GH; theſe 
four Sums being added together, will be the Area 
of the whole Figure. A little Practice will ſug- 
geſt the moſt convenient Way of drawing the Dia- 
gonals; but which ever Way they are drawn, pro- 
vided they do not interſect one another, and that 
the entire Figure be reduced into Triangles, the 
whole Area or Content will be had the ſame, | 


OY 
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. e . 


Shewing how to meaſure any Piece of 
Land by the Chain and the Plain- 
Table. 


YN Are of Land is appointed (by the 
& Statute of 33 Ed. I.) to contain 160 
ſquare Perches or Poles ; there is no 
Matter what Form it lies in, ſo that it 
contains 160 ſquare Poles. But before the Plan of 
any Piece of Land can be laid down, or protracted 
upon Paper, in order to find the Area or Quantity of 
Acres it contains, we mult firſt know the Length 
and Poſition of the ſeveral Lines which bound the 
ſame. In order to find the Poſition of the Hedges, 


Fences, or Boundaries, which incloſe in a Field, ſeve- 


ral Kinds of Inſtruments have been invented ; but in 
this Chapter we ſhall conſider only the Plain T able, 
as being the ſimpleſt and eaſieſt for Beginners. 

For meaſuring the Lengths of Lines in the Field, 
Surveyors make Uſe of Gunter's Chain, which is 
certainly the beſt adapted for that Purpole that can 
be. This Chain contains in Length four Poles or 
66 Feet, and is divided into 100 equal Parts or 
Links, each Link being therefore 7; Inches. So 
that one ſquare Chain contains 16 ſquare Perches, 
and ten ſquare Chains make exactly one Acre, that 
18, a right- angled Parallelogram, being one Chain 
in Breadth and ten in Length, or two in Breadth 
and five in Length, is exactly an Acre, See the 
following Tables. 


2 1. Table 
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I. Table of Long Mea ſure. 


| Inches] Link | Foot. Yard. | Perch Chain] Mile 
| * &daches|7. 92112 6 fis [792 [63360 
| Links| 1 51504. 56 25 100 [8000 
| | Feet. 13 16. 5,66 5280 
| r —— 
Tard. 5. 5 22 1750 * 
| | Perch 4 220 x 
| | Chain [80 4 
2. 13 
188 % 6X 
>| [SHS] 8Þ v 1 
| E 1 
= of Y ti 
| dy 555 
iA ooo 8 
e 4 
2 2 ts 5 00 | 
| : x [3 8 333/333 2 
2 
| Iis |] 200 
*& |*] 1661666 
i 7 14 285 
1 1111111 
| 
3. A Table of ſquare Meaſure. * 
Inch 7 
| Inch |1 | Links , A 
Links 62. 72641 Peet 4 
| | Feet 1144 2295 f. Yards 3 
Yards 1296 20755 o pn Po les | 7 
Poles 39204 625 272. 25130. 25 [1 Chains 1 
Chains G2 2204 |10000 4356 
Acre 027 2640100001435 
| 
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J able, ſhewing how many Chains, Links, and 
Parts, are contained in any Number of Feet, from 
I 70 1000, 


Feet. Chain. Links. Pts.of Links Feet, Chain. Links Pts.ofL inks 


ln ſo |: j515 Roo 3 ſog jogo | 
+ 181-80 „„ 
3 ſo 44 345 400 6 ſob jobo 

4 |© sé [obo |5oo 57 78s 
5 jo 2 1575 
6 ſo 9 9% ||boo 9 fog oo 
7 % 10 [6066 %o [io 60 6606 
1142 ee nnr 
9 lo [13 [636 90⁰ 13 [63 636 
10 © [15 [15 [1000 [15 [15 [151 | 
[20 |O 330 [303. 2000 30 30 303 | 
30% 0 145 454 3000 45 [45 [454 
40% 60 606 [4000 6 6 606 
50 75 [757 5 Oοο 7s 15 057 1 
1 | 

60 o go [90g (6 9 go |gog | 
170 || ſob [obo [7000 106 06 [060 

80 11 21 [212 8000 121 [z1 [212 | 
90 , 36 [362 9 [136 36 60 
100 [51 [515 toooo[151 [51 [515 | 


The Uſe of theſe Tables is plain by Inſpection, therefore 
particular Directions are needleſs. 


SECT. 1 
Of the Chain, Off-/et Staff, and the Arrows. 


HE. Chain is uſed in all Manner of Buſi-— 
neſs in the Field, and it contains in Length, 

as aforeſaid, 4 Poles or 66 Fee, divided into 100 
Links, each Link being 7 Inches. At the End 
of every tenth Link is ; faſtened a Piece of Braſs, in 
C 3 order 
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order to count the odd Links the more readily : 
That which is in the Middle is a plain Piece, but 
the others are diſtinguiſhed by Holes or Notches : 
the firſt from either End of the Chain having one 
Hole or Notch, the ſecond two Holes or two 4 
Notches, Sc. until they meet in the Middle, which 8 


is a plain Piece without any Mark as aforeſaid: the 5 
greateſt Number of Marks being four, each of 117 
which being counted from the neareſt End of the * 
Chain ſignifies 10 Links; thus, eve Mark is 10, 15 
two 20; three 30, Sc. But when you have got 1 


beyond the Middle or 30, then four ſignifies 60 
Links, three 70, two 80, and one go. Allo you may 
tie a large red Rag at 50 Links, and others of a I 
lighter Colour at 25, from each End of the Chain, x 
eſpecially when the Graſs is long. 

But becauſe of Furze, Water, Bruſhwood, Sc. bs 4 


| we are generally forced to meaſure the Station Lines 
l in the Field, at ſome Diſtance from the Hedges or 4 
; Fences; and therefore the Breadth between the ſta- * 
; tion Line and the Fence we meaſure by a Staff of A 
q the exact Length of 10 Links or 65% Feet. This AY 
is called an Off /et Staff, and is divided into 10 equal » 
| Parts, which are called Links, becauſe their Uie 1 


is the ſame with the Links of the Chain. 

You muſt alſo provide two ſtraight Staffsof about 
5 Feet each, and 9 Arrows of ſmall Sticks above a 
Foot long each; theſe you may mark at the Top 
with Bits of red Cloth, and at the Bottom you may 
put ſmall Iron Ferrils, pointed ſharp at the End, 

that you may ſtick them eably into the Ground. 
Note, Before you make ule of the Chain, you 
ſhould examine it's Length with the Off-ſet Staff, 
ſtretching it on level Ground, after the ſame Man- 
ner as when you meaſure with it. Alſo a Suaveyor 
ſhould have by him ſome ſew odd Links, ſome Rings W 
and a Pair of Pliers, that in Caſe of the Chains 
breaking, ke may be able readily to mend it. fo 
; Directions 


=p 


—_ 


. 


2 
1 


: ; Bot - CESS. 9 2 *> » Y 
33 ERS 9 > 53 8 1 
= a» ; mA « Es - * wo = * 2 . 
N F l % 2 * 


1 x - 
- \ 
- " 
* - 


Sect. 1. The Practical Surveyor. + 2 3 


Directions for meaſuring with the Chain. 


Having ſet up an upright Staff at each of the Sta. 
tions, betwixt which you are to meaſure, let the 
Leader of the Chain take the nine Arrows in his 
Hand, and one of the five-feet Staffs ; let him al- 
ways draw the Chain tight, and let the Follower, 
ſtanding at the firſt Station, direct him to place his 
Staff at the Chain's End in a right Line with the 
two Stations, and there let him ſtick one of his 
Arrows, and then go on. | 

Let the Follower, being come to the Arrow, 
take it up, and put his Staff in the Place thereof, 
and direct the Leader to place his Staff as before; 
then let the Leader, ſtanding at his Staff, look back 
towards the laſt Station, and he will foe the two 
Staffs and the Station in one right Line, if they have 
directed right; but if not, the Leader muſt move 
ſideways till he brings his own Staff, the Follower's, 
and the Station- Staff into a right Line; and fo mult 


each direct the other, till the two Staffs and two 


Stations are in one right Line. And you muſt be 
always careful, that they who carry the Chain, de- 
viate not from a ſtraight Line; otherwiſe neither 
the Form nor Content of the Plot can be true. 
Let them thus proceed till they have meaſured 
to the Station, or till the Leader is nearer. the Sta- 
tion than one Chain's Length; then will the Num- 
ber of whole Chains meafured be expreſſed by the 
Number of Arrows pricked down, ſuppoſe 7; and 
the Leader holding the End of the Chain to the 
Station, the Follower will ſee how many Links 
are contained between the Station and laſt Arrow, 
ſuppoſe 60. 
Now enter in the Field-Book, the Chains and 
Links without any Diſtinction between them, and 
C 4 they 
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they will be 760, implying either 760 Links, or - 
7 Chains, 60 Links; but the Links muſt always 
poſſeſs two Places after the Chains, as 7 Chains 4. 
Links muſt be written 704, and not 74; and 8 
Chains mult be written 800: Alſo as ſoon as you 
have meaſured each Length, enter it down imme- 
diately in the Field-Book, and never truſt to your 
Memory; allo at the End of each Length, enquire 
of the Leader and Follower how many Arrows each 
have in their Hands, and, if the Sum of the Arrows 
are not nine, the leaſt meaſured Length 1s doubt- 
ful, and mult be re-meaſured before you proceed. 
When the Length is above nine Chains, let the 
q Leader go on, and ſet his Staff down at the tenth. 
ö and let the Follower put his Staff in the Place of 
| the Leader's, and give the Leader the nine Arrows, 


IE LET 39 Y Ie IEY 


j and then proceed as before; but enter theſe 10 
Chains immediately in the Field-Book, and, if * g 
ö Length be 10 Chains more, enter 20, c. | 


Note, it is uſual to allow 5 Links from the Stem 
of the Quickſet Hedge, for the Breadth of the 
Pitch, except the Cuſtom or Agreement 1s other- 
| wiſe ; but the Cuſtom of the Place generally is the 
q Surveyor s Rule. 

Nete, Ic is uſual to have 10 Arrows, and then the 
two 5 Feet Staffs are omitted; but when the Graſs 
is long, the Ground uneven, or the Diſtance be- 
tween the Stations pretty *conſiderable, the two 
Jong Staffs are very convenient for the two Men 
who carry the Chain to direct each other by. 


Set. 2. The Practical Surveyor. 235 


rr 


Of the PLAIN TasBLE: And how by that 
Inſtrument to take a Plan of one or ſeveral 
Frelds, by placing it at one or more Stations 


about the Middle, from whence the Angles 
may be ſeen. 


HE Plain Table is a ſmooth Board made in 
the Form and about the Bigneſs of a com- 
mon Sheet of writing Paper : Sometimes they are 
made large enough to hold an imperial Sheet. For 
faſtening and keeping the Paper cloſe down, a 
wooden Frame is fitted round the Edge of the Table. 
This Frame ought to be fitted ſo as to keep the Pa- 
per tight down, and likewiſe ſo as it may be eaſily 
put on and taken off; and to prevent tearing the 
Paper in faſtening it on, the upper Edge of the Ta- 
ble and the lower Edge of the Frame ſhould be a 
little obtuſe, and not ſquare; and if it be neceſſary 
the Frame may be faſtened underneath, by Pins or 
Screws going through the Table. The Frame is 
uſually divided into Degrees anſwering to a certain 
Point in the Table, taken as a Center; but this 
is of little or no Uſe, and quite foreign to the 
Deſign of the Plain Table. There is commonly 
annexed to this Inſtrument a Compaſs Box with a 
Needle in it touched with a Load-ſtone ; but this 
_ alſo is of no great Uſe; for the Bearing of any 
Line may be found (which is the only Ule here of 
the Needle) ſufficiently. exact by a little Pocket 
Compals. 

The Plain Table is uſually made ſo as to be taken 
to Pieces, I ſuppoſe for the Conveniency of Car- 
riage, but laying aſide that Conſideration, it would 
be much better in one entire Board, and then alſo 
it would ſerve as a very good Drawing-Board. 

. There 
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There is alſo belonging to the Plain Table an In- 
dex, having a plain Sight fixed upright at each End: 
In the lower Part ot one Sight is a vertical Slit, 
and in the correſponding Part of the other is a wide 
Opening, having in the Middle of it a vertical Hair 
or String, to cut the Object when you look through 
the Slit in the other Sight; and for the Conveni- 
ency of looking backwards without turning the In- 
dex, over the wide Opening in one Sight, is a fine 
Slit, and over the narrow Slit in the other is an 
Opening with a vertical Thread in the Middle, as 
before deſcribed of the other Sight. Note, The 
vertical Threads and Slits ought to ſtand exactly 
over the fiducial Edge of the Index (which is al- 
ways filed ſloping from above) if produced through 
the Bottom of both Sights. 

The Index is commonly made two Feet long, 
but the exact Length need not be regarded, if it be 
but convenient according to the Bigneſs of the Ta- 
ble. The outward Edge of the Index 1s commonly 
divided into Inches, and on the Surface betwixt the 
Line of Inches, and the fiducial Edge, 1s a diagonal 
Scale; and alſo ſometimes Lines of artificial Num- 
bers, Sines, and Tangents : But theſe Lines might, 
with as much Propriety, be drawn upon the OR | 
ſet Staff, Inſtead of all theſe, it would be better 
to have Scales of equal Parts of different Dimen- 
ſions, and then you would always have at Hand 
ſuch a Scale as would beſt ſuit your Purpoſe. 

Underneath the Table is faſtened a Braſs Socket, 
which fits a Braſs Pin fixed in the Head of a Free- 
legged Staff. This Staff ſupports the Table at a 
proper Height, and the Table is faſtened to it by 
a Screw in the forementioned Socket. 

Note, You ſhould always take Care that the Ta- 
ble, when you ule it, be pretty nearly horizontal 
or level ; which you may know -by applying to 

I * 
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it a little Square, having a Line and Plummet 
faſtened to the upright Side ; then by drawing out 
or in, one or more of the Legs of the Staff, as you 
ſee Occaſion, you may rectify the Table ſufficiently 
near for your Purpoſe. Sometimes to the Head of 
the Staff is faſtened a Ball and Socket ; but this is 
rather a Detriment than of any real Uſe, for the 
Ball is ſubject to ſhake or turn horizontally ; and as 
there is no other Way of moving it, but by the im- 
mediate Application of the Hand, the ſame End 
will be obtained as ſoon and as well by moving the 
Legs of the Staff. | 


Directions for uſing the Plain Table. 


Let Fig. 23, be ſuppoſed to repretent two Fields 
or Enclotures, a Plot of which is deſired ; and firſt 
of the Field a/mob. 

Having put your Plain Table in order, and ob- 
ſerved the Needle to play well, (if you make Ule of 
one) put a Sheet of fair Paper thereon, and preſs 
down the Frame, ſo that the Paper lies {mooth 
then you may imagine the Paper on the Table to re- 
preſent the Surface of the Land, and the Lines you 
ſhall draw thereon, to be the Boundaries of the re- 
ſpective Fields or Encloſures in ſome Proportion or 
other. If you make an Inch long on the Paper, to 
repreſent the Length of one Chain on the Land; 
and if 5 Chains in Length, and 2 in Breadth, con- 
tain the Quantity of one Acre on the Land; then 5 
Inches in Length, and 2 in Breadth, ſhall allo 
contain the Quantity of one Acre on the Paper. 

This being premiled, we will proceed to lay down 
upon the Paper, the Lines which encloſe theſe two 
Fields, according to their juſt Length and Poſition; 
which therefore ſhall include the fame Quantity of 
Superficies as thoſe on the Field, in Proportion as 
the Square of 1 Inch to the Square of 1 Chain. 

But 
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But if we make half, or a quarter of an Inch, or 
half a quarter, (by which the following Dimenſions 
were laid down) on the Paper to repreſent one 
Chain, it will be the ſame Thing in Effect, only 
the Plot will be thereby rendered leſs. 

Firſt, place the Tableſomewhere about the Mid- 
dle of the Field, from whence, if poſſible, you can 
ſee all the Angles, as at O 1; and make a Hole in 
the Ground, over which by the Help of a Plummer 
and String, ſet the Center of the Table, by apply- 
ing the String to the Head of the Staff. Having. ſet 
the Inſtrument horizontally, turn it about till the 
Needle hangs over the Flower-de-Luce in the Box; 
(or if it is more convenient, turn the length-way of 
the Table to the length-way of the Plot, that it may, 
if poſſible, lie on one Sheet of Paper; and note, 
on a Bit of waſte Paper, the Diviſion in the Box the 
Needle hanes over when at reſt) and then ſcrew the 
Table faſt. Aſſign on the Paper a Point, or ſtick 
a Pin at O 1, (to repreſent the Hole in the Ground 
or preſent Station) to which Point apply the fiducial 
Edge of the Index, and turn it about, keeping the 
Edge cloſe to the Point or Pin at O, till through 
the Sights you ſee the Hair cut a Staff or Mark, tet 
up exactly in one of the Angles, as at 2; then by 
Edge of the Index, draw an obſcure Line from 
the Point © toward the Angle a, (with the Point of 
the Compaſſes or with a Pencil) without regarding 
the Length, fo it be but long enough. 

Let the Mark be left at a, and cauſe others to be 
ſet up round the Field, at every Angle therein, as 
at J, in, o, Y; to every one of which direct the Sights, 
and when the Hair therein cuts the Mark {keeping 
the Edge of the Index cloſe to the Point © ) draw 
the ſeveral Line O, On, Oo, ©b. | | 
Now ſee whether the Needle continues to hand 
over the ſame Point in the Box as when you firſt 
Planted the Table; alſo lay the Edge of the Index, 
. 2 to 
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to the Line © a, and if then the Hair in the Sights 
cuts the Mark at a, and the Needle hangs over the 
ſame Point as at firſt, you may conclude the Table 
| hath not been moved out of it's firſt Poſition, which 
is carefully to be obſerved. 

In the next place we proceed to meaſure the Lines 
O a, Ol, &c. Thus, apply the Ring at the End of 
the Chain to the Hole under the Table, and let the 
Chain be ſtretched at Length towards one of the 
| Angles as at @; and when you have meaſured u 
thereto, (obſerving the Directions before laid down 
for meaſuring with the Chain) you will find the 
Length of the Line O @ to contain 3 Chains 60 
Links, which note in a Bit of Paper. 

Having meaſured / the Line © 4 on the Ground, 
take the Leng reof, viz. 360 Links from the 
Scale of equal Parts (which you judge is molt con- 

venient for your Purpoſe) and lay the ſame (on it's 
| Repreſentative upon the Paper) from © to a. After 
the ſame Manner meaſure with the Chain the 
Length of the ſeveral Lines Ol, om, Oo, ob; 
then transfer the Length of each Line on the 
Ground to it's Repreſentative on the Paper, making 
Marks where the End of each Line falls, as at a, 
J, m, o, b. ; 

Laſtly, join the Points a, I, m, o, b, with Ink 
Lines, becauſe they ſhould not rub off, (and for 
this Purpoſe a Drawing-Pen is requiſite) as the 
Lines al, Im, mo, 6b, and ba, which conſtitute the 
Boundaries of the Field, a/mob. 

Note, It is generally the moſt expeditious Way to 
. . meaſure one Line from the Inſtrument to an Angle, 

and the next from the Angle to the Inſtrument; and 
ſo backwards and forwards till all are finiſhed, note- 
ing down as you meaſure them, the Length of each 
Line on a Piece of Paper; thenobſerving which Line 
you began with, ſet on it's true Length on the Paper 
on the Table, andthe reſt of the Lines in their Order. 

But 
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A young Beginner may take the Pains to mea- 
ſure a- croſs ſome Part of the Plot on the Paper, 
as the Diſtance from à to o, or from à to 6, with 
his Scale and Compaſſes ; then meaſuring the ſame 
Diſtance on the Ground with the Chain, he will 
find them both exactly to agree, if the Plot be 
truly laid down. 

Having finiſhed this Field, cauſe a Staff to be 
ſet up with a Paper thereon in the next, in a Place 
from whence you can view all the Angles ; but if 
ſuch a Station cannot be found, chuſe the moſt 
convenient; as at © 2. 

The Table ſtanding at © 1, in the Field 1 mo b, 
in the ſame Poſition as at firſt, (which it muſt do, 
or the Plot of the next Field cannot be truly laid 
down in reſpect of the laſt) lay the Index to the 
Point ©, and turn it abour thereon, till the Hair 
in the Sights cuts the Staff or Mark in thenext Field 
at © 2; and holding the Index faſt in that Poſition, 
draw a Line by the Edge thereof from © 1, towards 

© 2 in the next Field, and take care to continue it 
Jong ent 5 then remove the Table, and place a 
Staff with ark thereon, in the Hole over which 
the Center of the Table was placed, and meaſure 
with the Chain the neareſt Diſtance between © 1, in 
the Field à 1m, and O 2 in the next Field (draw- 
ing the Chain through the Hedge in a ſtraight Line) 
and ſet on the Diftance 621 (by the Help of the 
Scale and Compaſſes) from © 1 to G2. 

Now take away the Staff, and plant the Center of 
the Table over the Hole, in which the Staff ſtood at 
© 2, and ſticking two. Pins, or the Points of two 
{mall Needles in © 1, and ©2, apply the Edge of the 
Index thereto, fo that it may lie exactly on the Line 
 ©1, O2; and keeping it in this Poſition, turn the 
Table about till the Hair or Thread in the Sights 

cuts the Staff or Mark in the laſt Field; then ſcrew 
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the Table faſt that it ſtir not out of its Poſition, till 
you have finiſhed the Obſervations in this Field: 
But obſerve to turn that Part of the Table marked 
with © 1, towards it's Repreſentative in the laſt Field. 

When the Needle hath ſettled, and 1s at reſt, ob- 
ſerve whether it hangs over the Flower-de-Luce or 
ſame Diviſion in the Box, as at © 1 in the laſt Field ; 
which it will do if you have made your Obfervation 
juſtly, and the Needle be good ; and if you were 
to move the Table to never ſo many Stations, the 
Needle will {till point to the ſame Diviſion in the 
Box, which you ſhould carefully obſerve ; becauſe 
the removing the Table trom one Station to another 
is the greateſt Difficulty in this Way of Surveying. 

Having cauſed Marks to be ſet up in ſo many 7 of 
the Angles in this Field, as you can conveniently 
ſee, from the preſent Station, as at &, i, h, g, lay 
the Index to the Point © 2, and direct the Sights to 
E, i, h, g, drawing Lines by the Edge of the Index 
towards every one of them; then meaſuring the 
Length of the ſeveral Lines O &, Oi, Ob, og, with 
the Chain, {et on the ſeveral Lengths of theſe Lines 
on the reſpective Lines on the Paper (as before di- 
rected) marking the Points &, i, %, g, where the Ends 
of the Lines fall from © 3 laſtly, Join the Points 
Ik, Ei, ih, and bg, with Ink Lines, and they will 
be the Bounders of ſo much of the preſent Field, as 
you can conveniently ſce from this Station. 

But there 1s no Occaſion to meaſure to the An- 
gles / or m with the Chain except that it may be 
tome Satisfaction, as aforeſaid, to ſee the Lines on 
the Paper and thoſe on the Ground to agree. 


Obſerving the former Directions for removing the 
Table, let it be placed in its true Poſition at G 3 
in this Field: then direct the Sights to the Angles - 
V e, d, c, and when the ſeveral Diſtances from © 3, 
to f, e, d and c, are ſet on the Paper, join the 

Points 
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Points gf, fe, ed, dc, and ch, with Link Lines; fo 
is the true Plot of theſe two Fields a Im, and 
Ikihbgfedclom, laid down on the Paper in ſuch 
Proportion as the Scale you made uſe of is to the 
Chain. 

But obſerve that if the Hedge c, had been fo 
thick, that from © 3, you could not have ſeen the 
Angle d, or other Obſtruction had hindered your 
Sight or Meaſuring thereto, you muſt have re- 
moved the Table to ancther Station; but when you 
can (as commonly you may) by holding aſide the 
Boughs or otherwiſe, ſee the Mark, and by draw- 
ing the Chain through the Hedge, meaſure the Line 
from © 2, to the Angle d; it is better not to re- 
move the Table : For the fewer-Stations you make, 
the Work will be eaſter done, and alſo more truly 
laid down. 

It would be needleſs to give Directions how to 
ſurvey a Field from a Station taken in any Angle 
thereof, -from whence the reſt may be ſeen; as if 
it had been more convenient, in the Field almob, 
to have planted the Table at the Angle a, the Sights 
muſt have been directed from thence to the reſt of 
the Angles J, n, o, 5; and the Lines meaſured on 
the Ground, from à to /, n, o and b, whoſe Length 
laid down on the Paper from @ would give the. 
ſame Points /, m, o, b, as if the Station had been 
in the Middle of the Field; and the Bounders be 
ing drawn, they would be in the ſame Poſition as 


© before. | 


If you would draw a Meridian, or a North and 
South Line through the Plot, turn the Table about, 
till the Needle hangs over the Flower-de-luce in 
the Card, and laying the Index at right Angles to 
the long Sides of the Table, draw a Line cloſe by 
the Edge, which ſhall be a Meridian Line; and if 
you crols this Line by another at right Angles, that 
ſhall ſhew the Eaſt and Welt Points. 


Nite, 
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Note, Having removed the Table to a new Sta- 
tion, if the Index be laid cloſe to the Line drawn 
betwixt that Station and the laſt, the Table inay 
be thereby rectified to a greater Exactneſs than can 
be done by the Needle, which at belt is uncertain 
and liable to be out of order; and, as before inti- 
mated, the Needle is not properly an Appendage of 
the Plain Table, though we have here all along 
ſuppoſed it annexed to this Inſtrument, for the 
Sake of complying with Cuſtom, 


Directions for caſtin g up the 0 ontent of any 
Piece of Land. 


THE next Thing that lies before us is the 
Manner of calculating the Quantity of the 
Superficies, or the Arta, encloſed by the Lines on 
the Paper, as they repreſent the Boundaries iri the 
Field; that is to ſay, how many Acres and Parts 
of an Acre are contained therein. . 5 

The Manner of finding the Area and Content of 
any plain right-lined Figure hath been already laid 
down in Stor. 3. of Crap. I. It hath been alſo 
ſhewed, that the Method of findirig the Conterit of 
all plain right-lined Figures is deduced from tlie 
right-angled Paralletogram, the Area of which is 
found by multiplying the Length by the Breadth: 
Wherefore becauſe 10 ſquare Chains make 1 Acre, 
if the Side AB of the right-angled Patallelogram 
ABCD (Fig. 15.) be 5 Chains, and AC 2 Chains, 
the Area of ABCD is juſt t Acre. Alſo if the Sides 
of the Square ABCD, Fi s 16. be each 10 Chains; 
the Content of the ſaid p igure will be 100 fquare 
Chains, or 10 Acres. 


D But 
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But becauſe almoſt all Fields to be met with in 
Surveying are irregular, and bounded with ſeveral 
unequal Y ares, we muſt firſt take the Plot thereof 
by ſome Inſtrument, and lay it down on Paper; 
then, by drawing diagonal Lines, we * reduce 
the F. igure into Triangles, Sc. Vide Fig. 2 

The Liengths of the ſeveral Lines in the F Feld are 
uſually et down in Links, without diſtinguiſhing 
them into Chains and Links, as 6 Chains 54 Links 


is writ 654, which ſignifies 654 Links; for as a 


Link is the loweſt Denomination, and the only one 
uſed, there is no Neceſſity for writing down the 
Word Links. And as a Chain contains in Length 
100 Links, therefore in 1 ſquare Chain there are 
10,000 ſquare Links, and 100,000 ſquare Links in 
an Acre. Wherefore having the Content of a Field 
given in ſquare Links, if we cut off 5 Figures to 
the right Hand, what 1s left on the other Side (if 
there be any) will be Acres. Thus, if a Field 
contains 1654321 ſquare Links, the Area thergof 
will be 16 Acres and gde 23 Parts of an Acre, or 
16.54321 Acres. The C Chinn: is made 66 Feet in 
Length, and divided into 100 equal Parts, on Pur- 
poſe to ſave the Trouble of Diviſion in computing 
the Number of Statute Acres, 

Note, The Content of every Field is uſually ſet 
down in Acres, Reods, and Perches. An Acre con- 
tains 4 Reods,, and one Rood 40 ſquare Poles or 
Perches. Wherefore, the Content of a Field being 
25 in ſquare Links, and having found the Num- 

er of Acres contained therein as above, multiply 
the 5 Figures, which were cut off by 4, and from 
this Product cut off again 5 Figures, what is lefc 
will be Roods; then the Remainder ſo cut off be- 
ing multiplied by 40, from this laſt Product alſo 
cut off 5 Figures, and thoſe on the left Side will be 
Perches, which is the loweſt Denomination uſually 


ſet down of the Contents of Land. 
T3 


Sect. 3. The Practical Surveyor. . 48 


To find the Number of Acres contained in 
1654321 ſquare Links, the Operation will ſtand 


thus: 


A. 16.4321 
4 
R. 2.17284 
40 
—ͥͤ ſ— 
. 69166 


Acres Roods Pere ber 7253 ; 
Anſ. 16 : 2 :'6 or rather 16: 2: 5 becauſe 
the 91 360 make almoſt another Perch, 


To find the Content of any. Piece of Land, the follow- 


ing is a GENERAL RuLE. 


Firſt reduce the given Figure into Triangles, - 
then meaſure the Baſes and Perpendiculira falling 
upon them, of each Triangle, and multiply ſeve- 
rally the ſaid Baſes by the Half of their Perpen- 
diculars, or the whole Perpendiculars by half the 
Baſes, and the Product will be the Contents of the 
ſeveral Triangles in ſquare Links. Add the Con- 
| tents in Links of each Triangle together, and the 
Sum will be the Content of the whole Field in 
ſquare Links, which you may teduce into Acres, 

Roods, and Perches, as before directe. 
Thus, in Fig. 24. the Area of the Triangle 1 
(whoſe Baſe J is 660, and Perpendicular y let 
fall upon it from the oppoſite. is 252) is 83160, 
which may be found either by multiplying half 60 
by 252, or 660 by half 252. 


D 2 
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n 126 

330 660 

7560 7560 
* I & .. 

83160 3 83160 


The diagonal Line 1b divides the Trapezialo b 0 
| into two Triangles, lob and Ih a, which might be 
ſeparately caſt up as the Triangle In o; but the 
quicker Way is to add the two Perpendiculars o z 
| and 2 x together, and by that Sum multiply the 
| Line 15, which is a common Baſe to both Trian- 
| gles, and halve the Product for the true Content 
| of the Trapezia. See the following Work. 


| Baſe 66010 5 Perp. 290——4 x 
| | 8 2 2 eee 0 - 
ö i 
l asf "UAE 1 
| "7. 1320 | 6 ; 562 Sum 
ö le 45 . . 
| p 3300 Se Baſe 800—1 b 
| „ 4320 3 8 1 
| 9) 2 BB EL S121 449600 
| — * RN 
| Ee ah oa 106320 
| 11 l ood dt 5 Product 
e MN | 


615920 double Content, 


Acres —— 3.07960 true Content. 


= bb k 410 8 Ws: ; . > 2 7.9 
Roods —— 31840 
40 


TS CCC he CCC 


Poles ——— 12.73600 
* Acres 
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Acres Roods Poles Parts of a Pole. 
3 + Q. 6-1 $: 1588 b 5 


The Baſe Jo, multiplied by the Perpendicular 
my, produces 166320, which is double the Content 
of the Triangle / m o in ſquare Links. Alſo the 
Perpendicular @ x, added to the Perpendicular oz, 
makes the Sum of both 562, which multiplied by 
800, the common Baſe to both Perpendiculars, 
produces 449600, which 1s double the Content of 
the Trapezia / 0 b à in ſquare Links. 

Therefore (for avoiding Fractions) the double 
Content of the Triangle Im 166320, added to the 
double Content of the Trapezia / 9 þ 449600, 
gives 615920 the double Content of the Field a/mo 
in ſquare Links, the half of which (viz.) 307960 is 
the true Content of the Field a/mob in ſquare 
Links, which reduced into Acres, Sc. as before 
directed, gives 3 Acres, 12 Poles, and a little above 
half a Pole, for a true Content of the Field Imo; 
but the Parts of a Pole are ſeldom regarded. 

In the ſame Manner the Field Id ef g Hino, 
Fig. 24. being divided into Trapezias and Trian- 
gles, add both the Perpendiculars of each Trapezia 
together, and by that Sum multiply the Diagonal 
or Baſe : Alſo multiply the Baſe of each Triangle 
by the Perpendicular, and ſet the Product of each 
Trapezia and Triangle in an orderly Manner, one 
under another, and add them all together into one 
| Sum, the half of which Sum will be the Content of 
the Field in ſquare Links, which reduce into Acres, 
Sc. as aforeſaid. - 

But remember to meaſure the Baſes and Perpen- 
diculars by the fame Scale that the Plot was laid, 
down by, and contrive to reduce the Field into as 
large Trapzzias and Triangles as poſſible z for the 
fewer vou make, the exacter will the Work be caſt 

| D 3 | up; 
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up; and draw the Baſe-lines neat and ſmall, and 
exactly from Angle to Angle. You need not ac- 
tually draw the Perpendiculars, but only take the 
neareſt Diſtance from the oppoſite Angle to each 
Baſe, which may be readily done thus : Set one 
Foot of the Compaſſes exactly in the angular Point, 
and extend the other till it tonches the Baſe; then 
turning it about, if it cuts the Baſe, obſerve the 
Middle, as near as you can gueſs, between theſe 
two Points; the Diftance betwixt this middle Point, 
and that wherein the other Foot of the Compaſſes 
ſtands, will be the Length required, to as great an 
Exactneſs as you could meaſure it, if the Perpen- 
dicular had been drawn. 

Note, You ſhould always make uſe of as large a 

Scale as the Bigneſs of your Plot will admit; and 
if you uſe a diagonal Scale, the Lengths of the ſe- 
veral Lines may be laid down and meaſured on the 
Paper to a greater Exactneſs. 


SECT. Iv. 


. $hewing how to make the Plot of any F feld or 
Encloſure, on the Paper fixed on the Plain 


Table, by going round the fame, and taking 
Of-ſets fo the Baunders, &c. 


13 H E former Method of planting the Table 
at one Station or more, in the Middle of the 
Field, and meaſuring from thence the Diſtance to 
every Angle, is eaſieſt for a Beginner, but is not 
convenient in many Caſes; becauſe he may be hin- 
dered by Furze, Water, &c. from meaſuring the 
Lines to all the Angles; and in many Fields where 
the Fences are as irregular as the Side a e in the 
Field, Fig. 25. he will be obliged to meaſure a 
great Number of ſuch Lines, 

| 
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It is therefore beſt to plant the Inſtrument at the 
moſt remarkable Angles, and meaſure round the 
Field; for by this Method all Sorts of Land may 
be meaſured (ſo the Plan be not too large for one 
Sheet of Paper) either within or without the Plot, 
as Convenience ſhall determine. 

Note, This Mark © always repreſents a Station, 
0 0 a prick Line repreſents the Station Line, 
a black Line the Boundary. 


Let Fig. 25. repreſent a Field to be plotted by 
the Plain Table. | 

Firſt, ſet up a Mark at a, and draw a Line on the 
Table, to repreſent a4 in the Field; then mea- 
ſure the Diſtance to the Hedge from © 20 Links, 
which ſet from © to f; alſo meaſure the Diſtance 
from © a, to © , 840 Links, which ſet on the 
Line a 6. | 

Having drawn the Line @ 6, place the Table at 
b, and lay the Edge of the Index cloſe to the Line 
ab, and turn the Table about till you ſee the Mark 
at a, and there ſcrew it faſt; then turn the Index 
about on 5, till you ſee a Mark at c, and draw & c, 
with the Point of the Compaſſes, or a black lead 
Pencil; alſo direct the Sights to the Barn, and 
draw the obſcure Line bz, not regarding it's Length 
ſo it be but long enough. 


When the Needle hath ſettled, take Notice what 


Diviſion in the Box it poiats to, tor to that Diviſion 
it will point at every Station through the Plot, if 
your Work be true, and the Needle good, as afore- 
ſaid; but becauſe it is not convenient to truſt to the 
Needle when we can do without it; I ſhall here lay 
down a ſurer Way to correct an Error, before it is 
communicated to the following Part of the Work. 


In the next Place, meaſure the Diſtance from © b* 


to the Hedge 17 Links, which ſet from © tog, and 


draw the Boundary Fg; alſo meaſure the Diſtance 
D 4 from 
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from © to h, which ſet on the Paper from © to , 
and continue the Bounder Fg, in a ſtrait Line, as 
ou ſee in the Field. 

Remove the Table from 3, and ſet up a Staff 
wil Paper thereon in the Hole over which the 
Center of the Table ſtood, according to former 
Directions, and meaſure with the Chain from þ 
towards c; but when you come over. againſt the 
Bend in the Hedge at , meaſure the Diſtances 
from the Chain Line bc to that Bend 7 Links, 
which ſet from the Chain Line bc to 1; 3 and draw 
the Boundary 1, through þ, till it cuts the 
Boundary fg, conſtituting that Corner of the 
Field. Meaſure on to c 620 Links, which ſet 
from 5 to c. 

The Reafon why we made the Station , ſo far 
from the Corner, is to avoid planting the Inſtru- 
ment too often; for if we had continued the Station 
Line ab into the Corner, we muſt have made 
another Station at i, otherwiſe we could not ſee to 
the Angle at c; for the fewer Stations we make, 
the exacter will be the Work, as aforeſaid. 

Now in order to examine the Length of c, and 
alſo it's Poſition in reſpe& of a, do thus: Plant 
the Inſtrument at c, and lay the Index on the Line 
þc, and by turning the Inſtrument abour, direct 
the Sights to &, and there ſcrew it faſt; then turn 
about the Index on the Point c, towards the Mark 
at the Angle 2, in the Field, and if the Edge does 
not cut the Point à in the Table, the Line bc 1s 
falſe, either in Poſition or Length, and therefore 
muſt be corrected before you procced. 

The Line 5; being truly laid down, and the 
Table ſtanding at c, in the ſame Poſition, lay the 
Index to the Point , and turn it about therean, till 
the Hair in the Sights cuts the Mark at 4, and draw 
the Line (4; alſo direct the Sights to the Middle 
of the Barn, the Index being turned about on the 


fam e 
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ſame Point c, and draw the obſcure Line cx, crol- 
ſing the other obſcure Line þ z; ſo ſhall the Point 
of Interſection determine the Situation of. the Barn 
in the Middle of the Field, which you may prove 
by meaſuring on the Groupd thereto, from any 
Part of the Field. 

Next meaſure the Diſtance from the © at c to 
the Hedge 6 Links, which ſet from © to k; 
and draw the Boundary 7 4, continuing the Line 

through &; alſo meaſure the Diſtance to the other 
Hedge 6 , from © c, 15 Links, which ſet of 
to /. 

Remove the Table from c, and place a Mark 
there, and meaſure the Diſtance from c to d, 481 
Links, which Diſtance ſet on the Line cd; then 
plant the Table at 4, and having laid the Index on 
cd, turn the Table about till you ſec the Mark at c, 
and then ſcrew the Inſtrument faſt, 

Next examine the Length and Poſition of cd, in 
reſpect of bc, as before directed; then turning 
the Index about on d, direct the Sights toe, 
and draw the Line de; ſet off the Diſtance from 

© 4 to the Hedge at m 10-Links, and from » 
ra the bounding Line u, continuing it ſtrait 
through /, till it croſſes i 'þ, as you tee it do in the 
Field. 

Leave a Mark at 4, and plant the Table at e, 
having firſt meaſured the Length of de 364 Links, 
which ſet on it's proper Line from d to e; on which 
Line de lay the Index, and, turning the Table about 
till you ſee the Mark at d, there {crew it faſt; and 
having proved the Line de to be truly laid down 
in reſpect of cd, turn the Index about on e till you 
ſee the Mark at a, and draw the Line ea, which 

will cut through the Point at @ : Allo direct the 
Sights to the Angle p, and draw © Pp: and to 4 
drawing © q on the Paper. 

Then 
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Then meaſure with the Chain the Diſtances 

Op and G , ſetting thoſe Diſtances on their 
proper Lines, and draw the Boundary Po, and 
8 meaſure on the Line ea, and when you 
come againſt the Bend in the Hedge at r, meafure 
the Diſtance from the Chain Line ea to that Bend 
8 Links; which ſet on the Paper to r, and draw 
the Boundary qr. 

In the ſame Manner meaſuring on the Line 
ea, ſet off the Diſtances from the Chain Line 
to the Angles in the Bounder s and t, and draw 
the Boundaries 75, 5, and f, which croſſes the 
Line gf, near f; and when you have meaſured 
the Line ea, on the Ground, you will find it of 
the ſame Length as that before drawn on the 
Paper. 


If the Diſtance from the Station to the Bends in 
the Hedge be great, it is the ſafeſt Way to plant the 
Center of the Table over the Station Line, as at ww; 
and laying the Index on the Line ea, direct the 
Sights to e or a, by turning the Table about, and 
in that Pofition ſcrew it faſt; then direct the Sights 
to the Bends in the Hedge, as to 5s, or 7, drawing 
Lines towards them, and ſetting off the Diſtances 
in the ſame Manner as is done from © e. 

In order to examine the Lengths and Poſitions of 
each Line before you proceed on to the next, if you 
do not think it convenient to leave Marks at all the 
ORE round the Fields; if you turn about the In- 

n the Point, repreſenting the preſent Station, 
N you ſee any one of the Marks before laid down, 
— e Edge of the Index cuts that Point on the 
8 your Work is right; ſo you might have 
left a Mark at the firſt Station a, and by that prove 
the Lengths and Poſitions of all the other Lines, 
as well as by the laſt but one you paſſed by. 1 
1 ut 
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But if you could not ſee the Mark at a, at all the 
other Stations, you may make uſe of any other 
Mark, as ſome Part of the Barn; or you may ſet 
up a Mark in ſome convenient Place, from wheace 
you can ſee all the Angles. 

But if the Mark you laſt uſed is at too great a 
Diſtance from you, or lies almoſt in a ſtrait Line 
with that you laſt laid down; then uſe ſome other 
Mark in it's Stead, whoſe Poſition you have before 
found at one of the foregoing Stations. 

Or, inſtead of a Mark thus ſet up, you may uſe 
any remarkable Tree, Steeple, Cc. that is not at 
too great a Diſtance from you, whether it be in 
the Land you are then ſurveying or not. 


How to meaſure an inacceſſible Diſtance. 


Laſtly, in the ſame Manner as you found the 
Poſition of the Barn in the Middle of the Field, 
Fig. 25. you may meaſure any other inacceſſible 
Diſtance ; ſo if the Barn was ſo ſituated that you 
could not come nearer thereto, by reaſon of Water 
or other Impediments, than the Line 4c, yet you 
would know it's Diſtance from þ or c. 

The Inſtrument being planted at 5, and the Sights 
directed to a Mark at c, and alſo to the Barn; and 
the Lines bz, and bc, drawn on the Paper as before 
directed; then the Inſtrument being removed from 
b, and planted at c, and the Sights directed to a 
Mark left at 2, and alſo to the Barn; and the Line 
ex, alſo drawn on the Paper, cutting the other 
Line 22: Then ſhall the Point of Interſection de- 
termine the Diſtance of the Barn from & or c, which 
you may find by meaſuring from & or c, or any other 


Part of the Line þc, by the ſame Scale with which, 


you laid down the Line þc. 
But it is convenient to make the Stations þ and c, 
at ſuch a Diſtance from one another, that the Angle 
| at 
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at the Point of Interſection may not be too Acute, 
leſt you be not able to diſtinguiſh NG the Nen 
of Interſection. 


If Fig. 25. was a Wood, ſo that you could not 
meaſure the Station Lines within, you may as well 
make them on the Outſide; for the Plot will be 
the ſame, only the ſmall Pieces of Ground between 
the Station Lines and Boundaries are excluded by 
the Boundaries from being any Part of the Plot. 
Particular Directions in this Caſe are needlels ; ; ſee 
the Figure. 

When you are about to meaſure a Plot of 3 
and in doubt whether it will lie on one Sheet of Pa- 
per, you may place a Line or two croſs the Plot, as 
you walk about to chuſe the moſt convenient Sta- 
tions (reckoning ſo many Steps to à Chain, as you 
find by Experience carries you a Chain's Length) 
and thereby gueſs what Scale to make uſe of. 

It is alſo convenient to make a particular Remark 
at the firſt Station in each Field, that you may rea- 
dily find 1t when you come round to it again, in 
order to cloſe the Plot. 

Alſo as ſoon as you have drawn the Plot of a 
Field, it is neceſſary to write the Name lomewhere 
in the Middle thereof. 

There is another Way of Plotting a Field by the 
Plain Table (though ſcarce fit for Practice) by mea- 
ſuring one Line only, which in ſhort is this: 

Plant the Table. at a, Fig. 26. and direct the 
Sights to the ſeveral Angles round the Field, keeping 
the Index cloſe to the Point a, and by the Edge 
thereof draw a Line towardsevery Angle; then place 
a Staff at @, and plant the Table at the other Sta- 
tion h, meaſuring the Diſtance between the two Sta- 
tions, which Diſtance ſet on the Line 4%; lay the In- 
dex on the Line ba, and turn the Table about till 
you tee the Mark at a, and hx there the Inſtrument, 


Then 
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Then lay the Index to the Point 5, and turn it 
about thereon, directing the Sights to the ſeveral 
Angles round the Field as before at a, and towards 
every one of them draw a Line, which will interſect 
the Lines before drawn at a; ſo ſhall the Points of 
Interſection determine the Place of all the Angles 
round the Field, and Lines drawn from Point to 
Point ſhall give the Boundaries of that Field. 

But if you be not very exact and curious in draw- 
ing the Lines, and alſo if the Stations are not con- 
trived in ſuch Manner as may prevent the Lines 
irſterfecting one another at very acute Ae, you 
may commit groſs Miſtakes. 

And bere it may be obſerved in this as well as 
any other Caſe of the like Nature, that all Things 
that 'are to be determined by the Interſection of 
right Lines, are beſt determined when thoſe Lines 
inrerſe& each other neareſt right Angles: And 
therefore when Triangles are laid down from one 
given Side, and the Length or Poſition of the other 

two, and theſe two make with each other a ſmall 
Angle, it is difficult to determine the Point where 
they interſect ſo exactly as It ought to be. 


8 E C ä 


Shewing how to meaſure any Piece of Land by 
| the 0 ham only. 


HOSE who are not provided with other In- 

ſtruments, may make a Shift to meaſure a 
Piece of Land by the Chain only, after the follow- 
ing Manner, though it be ſomewhat laborious and 
tedious, 1 2 


Ll 


Let 
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Let Fi 18. 22. e 4 | Field, whoſe Content in Ate 
53850 40 without any Plot thereof. | 


Firſt, Set ap Marks (or upright Sticks) at the 
ſeveral Angles A, B, C, D, E, F, G, H, I; and ob- 
* as you go along betwixt which Angles it will 
be moſt convenient to run a diagonal or baſe Line, 
ay the Line AE; ſo that a Perpendicular from the 
puta" Angles as B and I, may fall upon this Dia- 
gonal or Bals in a convenient Manner: And Note, 
It is beſt to make the Roſe the longeſt diagonal Line 
in a Trapezium, or the longeſt Side of a Triangle; 
for chen the Perpendiculars will be ſhorter, Which 
in this Method of Surveying is an Advantage. 

Having a Sheet of Paper: in Readineſs, on which 
to draw an Eye-draught * the whole Work, W 
ſome Mark near the Angle at A, and lay the Ch. 
thereto, ſtretching it in a {trait Line towards the 
ſite Angle E; then draw a: ſtrait Line on the 
Paper to repreſent the Line AE, which you are 
about to meaſure; and proceed with the Chain to- 
wards the Angle KE. 

When you have meaſured 4 Chains onithe Line 
AE, you will perceive yourſelf almoſt over- againſt 
the Angle B; therefore having laid the Chain a fifth 
Time, Ter down an Arrow at the End of the Chain 
next E, and let it lie on the Ground in the Direction 
of AE; then endeavouring to find a Point in the 
Bate A E, from which a right Line drawn from the 
Angle B, may ſtand at right Angles upon the Baſe 
AE. 

For this Purpoſe provide a ſmall Braſs Croſs, 
with four plain Si Kehre thereon, having a Socket on 
the Backſide, which put on the Head of a ſhort Staff, 
and ſer the Staff in the Ground cloſe to the Chain; 
then ſet two of the Sights in. the Direction of A E, 
by looking backwards and forwards through thoſe 


Sights 
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Sights till you can ſee the Mark in each Angle A 
and E; ſo ſhall the Mark in the Angle B be ſeen 
through the other two Sights, if the Staff be ſet in a 
Perpendicular from B; but if not, move the Staff 
backwards and forwards by the Side of the Chain, 
in the Line AE, till through two of the Sights you 
ſee A and E, and through the other two the Mark 
at B; then will the Staff be ſet in the Point 2. 
But, if you have not ſuch à Croſs, get a Bit of 
Board made exactly ſquare, in Form of a ſquare 
Trencher, and from Corner to Corner draw {trait 
Lines thereon; then ſtick a Pin faſt and upright in 
the Line near every Corner, and make an Hole in 
the Middle of the Board, ſo that you may turn it 
on the Head of a Staff; this, for once, may ſupply 
the Want of a Croſs. TIT vs: | 
Having found the Point 2 in the Line AE, there 
ſet down a Staff, and take Notice how many Chains 
and Links it is diſtant from A, viz. 418; therefore 
apply a Scale to the right Line on your Eye-draught 
and near 418 make a Mark at a; but you need not 
regard whether it be exact or not, ſo it be within 
20 or 30 Links, becauſe the true Lengths of each 
Line,are meaſured on the Ground. . 
Then meaſure on the Ground, in a ſtrait Line, 
the neareſt Diſtance between a and B 600 Links, and 
erect a Perpendicular on the Point 2 on the Paper, as 
near as you can gueſs, by applying the End of a 
Scale to the Line aA; and by the Edge thereof 
draw the Line à B, ſetting cloſe thereto 600 Links, 
the Length of the Perpendicular ; but you need 
not regard whether the Line 4 B on the Paper be 
made of it's juſt Length or not ; but only that the 
Form of the Eye-draught may be ſomething like 
that of the Field, a Reſemblance thereof being all 
that 1s requiſite in this Caſe, : 
Next return to the Arrow, and meaſure forwards 
on the Line AE till you are near againſt the An- 


gle 
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gle I; and by a few Trials you will find the Point 
+ at the Diſtance of 616 Links from A. Then mea- 
fare the. Perpendicular I, and ſet the true Length 
thereof 368, cloſe to it's Repreſentative on the Eye- 
draught. 

Now look towards , the Fences AB and AT, 
and becauſe they are ſtrait Lines, draw B A, AI, 
on the Eye-draught, lo is that Side of the F ield 
finiſhed. 

From e proceed with the Chain in a ſtrait Line to 
E, and you will find the whole Length from A to 
E to be 1375 Links : Then make chit right Line 
on the Paper nearly. the Length of 1375, Sid draw 
the right Lines E Band E I, cutting the Ends of 
the Perpendiculars 4 B and Te So ſhall the greateſt 
Part of the Field be exprefied on the Paper, by the 
Trapezium A B EI. 

F. rom E meaſure in a ſtrait Line towards C, and 
when you come to h, me aſnre the Perpendicular 
2D 60 Links; then meaſure out the Line E C to 
C 800 Links, and draw the Sides E D, DC, on 
the Eye- draught, to the Extremity of the Perpendi- 
cular D. Now number the Angles round the Field, 
and if you can ſee the Marks at each, compare 
them with thoſe on the Eye-draught, and thereby 
diſcover what Part of the Field you have already 
meaſured, and what remains to be done. 

In the fame Manner as you meaſured the Triangle 
E DC, meaſure the Triangles EFG and G HI: 
then if there be ſo many Angles expreſſed on the 
Eye draught, as there are Marks at each Angle 
round the Field, and if the true Length of each 
Baſe and Perpendicular, as meaſured in the Field, 
be expreſſed on the Repreſentative of the Eye⸗ 
draught, you may proceed to caſt up the Work. 

The ſame Lines in the Field, Fig. 22. are mea- 
ſured on the Land with the Chain, as we ſhould have 
done 


D 
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done on the Paper, with the Scale, if the true Plot 
of the ſame Field had been firſt made by the Plain 
Table or other ſtanding Inſtrument ; and therefore 
muſt be caſt up in the ſame Manner, for you have 
the true Length of each Baſe and Perpendicular 
given on the Eye-draught : So the Sum of the two 
Perpendiculars à B, and e I, multiplied by the Baſe 
AE; alſo the Baſes and Perpendiculars of the other 
three [Triangles multiplied together, theſe four 
Products added into one Sum, the Halt thereof 
will be the Content of the Field, Fig. 22, in ſquare 
Links, which reduce into Acres, Sc. as directed 
in Sect. 3. 

This Method of meaſuring a Field by the Chain 
is only proper for plain, level Ground, and ſmall 
Encloſures: But even then, if the Fences are very 
irregular, it is better to go round and meaſure the 
Angles; taking Off: ſets from the Station. lines to 
the Fences. 

Indeed if the Fences be tolerably regular (but 
there are many Fields, whoſe Sides are not ſo ſtrait 
as Fig. 22.) you may make a Plot thereof tolerably 
well, by obſerving at how many Cimins and Links 
the Perpendiculars j Join the Baſe of the Tnangles 
or Trapezias, and erecting Lines on thoſe Points 
perpendicular to the Baſe; which being made of 
their true Lengths, as meaſured on the Ground, the 
Sides of the Field may be drawn from the Extre- 
mities of the Baſe to the End of each Perpendicular, 
Alſo obſerve, if any of theſe Baſes be more than 
10. Chains, leave a Staff at the tenth, and take the 
Direction of the Line by that Staff, becauſe th 
Station will be at too great a Diſtance ; and, if the 
Length be 20, ſet up another Staff, and fo on. 

Or, you may make a Plot of the Field, Fig. 22 
without meaſuring the Perpendiculars, after the fol- 
lowing Manner ; which I take to be a better Me- 
thod (at leaſt in many Caſes) than the preceding. 

E. 1. Meaſure 
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1. Meaſure the Sides AB, BE, EI, IA, and 
the Diagonal AE of the Trapezium ABEI, which 
note on a Piece of Paper; and note alſo at how 
many Chains and Links the Point C in the Line EB 
falls from E or B, according to which End of the 
Line EB you begin meaſuring: After the ſame 
Manner write down where the Point G falls in the 
Line EI; next meaſure the Sides ED, DC; EF, 
FG; and GH, HI; and then the Work that was to 
be done, and the Field is finiſhed. But becauſe the 
Angle ADC is very obtuſe, and lies but a little 
Way from the Baſe CE; inſtead of meaſuring the 
Sides ED and DC, I would chuſe rather to find the 
Point h, and meaſure the Length of the Perpendi- 
cular bD; and for the ſame Reaſon I would mea- 
{ure the Perpendicular cF ; alſo for a like Reaſon, 
inſtead of meaſuring the Perpendicular Id, I would 
meaſure the Sides GH and HI, as before directed. 
For this ſhould be always remembered, that the 
more Dimenſions are taken in the Field, the truer 
will be the Area of the Plot. Every Surveyor there- 
fore ſhould meaſure as many Lines and Perpendi— 
culars poſſible with his Chain, and not truſt more 
to Angles than is abſolutely neceſſary, as they are 
very ſubject to lead him into Error. If you cannot 
come cloſe to the Fences, you mult take Off lets, as 
directed in the laſt Section. The Dimenſions of the 
foreſaid Lines being thus taken, you may make a 
Plot of the ſaid Field after the following Manner: 
Having drawn a Line croſs the Paper, lay thereon 
the Length of AE taken from a Scale of equal 
Parts; then from the ſame Scale take the Lengths 
f AB, EB, and therewith form the Triangle 
ABE (by the Directions in Page 14.) After the 
ſame Manner, with the. Sides EI, AI, upon the 
Baſe AE, make the Triangle AIE ; then will the 
Trapezium ABEI be completed. Now there 
remain to be done, only the Triangles ED C, 
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Sect. 5. The Practical Surveyorp. 5 
EFG, and GHI, which may be completed after 
the fame Manner, or the Triangles EDC and EEG 
may be made by Help of the Perpendiculars 52 
and c F, according to which Method you took in 
meaſuring them. The Field being thus laid down 


upon Paper, the Contents of it may be tound by 
Sect. 3. of this Chapter. 
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CHAP it 


Of the Theodolite, and the Uſe thereof 
in ſurveying a Field, by taking the 
Angles which the Fences make with 
cach other. 


- 

8 HE Plain Table is very uſeful for tak- 
22 8 ing the Ground-Plot ot Buildings, and 

10 meaſur ng Gardens, or ſmall Encloſures, 
FEE where the Shorcnels of Lines, and Mul- 
tipl; city of Angles would be apr to breed Confu- 
ſion in prot ract1 ng; but by no Means fit for ſur- 
veying large Tracts of Land; becauſe the leaft 
Moiſture or Dampneſs in the Air makes the Pa- 
per not only fink, but run up when dried again, 
and thereby the Lines drawn thereon are diſordered, 
making the Content leſs than it ſhould be; and, in 
the leaſt Rain or Miſt, the Inſtrument becomes al- 
together uſcleſs. Alſo, when the Plot proves larger 
than will lie on one Sheet of Pape r, there muſt more” 
be pieced thereto with Glue or Paſte, which wetting 
only ſome Parts of the Paper, is liable to the afore- 
ſaid Inconveniencies; neither can ſeveral Sheets of 
Paper be joined together after the Plot is drawn 
thereon, ſo as to meet exactly, and lie ſo flat as it 
ought to do. And if to theſe Inconveniencies be 
added the Tediouſneſs of completing the whole 
Plot in the Field, when a Surveyor has his A- 
tants 
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tants about him, we ſhall have Objections enough 
to induce any Perſon to make ule of fitter Inſtru- 
ments. 


. 
The Deſcription of the Thesdolite. 


HE Uſe of ſurveying Inſtruments, by what 
Name ſoever they are called, is to meaſure 
horizontal Angles ; and for this Purpoſe the {ſimpler 
they are made the better, as bei g caſter managed, 
and leſs liable to be out of Order: Beſides the Plain 
Table (whoſe Uſe is properly no more than what 
may be performed by a Joint Stool having an Index 
to turn it upon, though may be not ſo readily ſe- 
veral Kinds of Inſtruments have been made for ſur- 
veying ; as the Semicircie, Perambulator, and ſome 
others with hard Names, which I cannot at preſent 
recolle:t ; but all theſe are contained e.ther in the 
Thebelolite, or differ from it only in Name. Alſo 
the Theodolite itſelf, notwithitanding the Simplicity 
of that Inſtrument in it's own Nature, hath under— 
gone various Alterations, which ſtil] were 1 new 
Improvements : It would be necdleſs to attempt 
enumerating all th-ſe; it will be ſuflicient h re to 
deicribe ſuch an Inſtrument as may be moſt ſimple 
and fit for Practice. 

The TusopolirzE is a Circle of Braſs dive 
into Degrees, Which are all numbered one Way (and 
commonly from the Leit to the Right, ſuppoung 
Faden to ſtand in the Center) to 360? , Vide Fig. 27. 
AnAnzle cannot pro derly be fo great as 189 Dee, 
But tae Limb of the Theodohee is numbered to 360, 
that it may re. adily expreis the Arch within clie 
Field that reaches from at ny two adjacent Sides one 
to the other; by which Means the Dittinction of 
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what is called in theſe Caſes external and internal 
Angles is avoided. As at the Angle g, Fig. 28. the 
Arch, reaching between the two Sides forming that 
Angle, contains within the Field 233 Degrees. I 
have ſeen ſome of theſe Inſtruments of various Sizes, 
from 4 Inches Diamerer to 20 or 24. But about 
g or 10 Inches Diameter I take to be a good Size. 
This is big enough for the Purpoſe of Surveying, 
and is likewiſe portable. Upon the Center of the 
Inſtrument is a moveable Index, having on the 
Middle a Compaſs Box, with a Needle of about 4 or 5 
Inches in Length, which is covered with Glaſs to 
prelerve it from being diſturbed by the Air. Within 
this Box is a Braſs Ring divided into Degrees, which 
are always numbered the contrary Way to the De- 
grees on the Limb of the Inſtrument. The Index 
reaches as far as the Diviſions on the Limb, having 
on the End of it a fine Line to cut the ſaid Divi- 
ſions; alſo the End of the Index is uſually ſo di- 
vided as to point out on the Limb every Minute of 
a Degree, which is near enough for the Purpoſe of 
Surveying. Sometimes there is a Line drawn on the 
oppolite End of the Index, which may ſerve to exa- 
mine the Inſtrument by, and whether the Index 
turns exactly round the Center. Upon the index 
are ul ually fixed two upright Plain Sights, like thoſe 
deſcribed in Sec. 2. Chap. 2. as belonging to the 
Index of the Plain Table ; alfo underne ath the In- 
ſtrument are fixed two other Sights, exactly like the 
former, at the Points of 360 and 180. But theſe 
Jaſt are needleſs , alſo, inſtead of Plain Sights, 1 
think it much better to have a 7 cleſcope over the 
Index, having in it a vertical Hair to cut the Ob- 
ject. The Teleſcope muſt have ſome Motion up 
and down; and it had beſt turn upon an Axis fixed 
at right Angles to it. Alſo in meaſuring hilly Lands 
it would be uſeful to have an Arch with Degrees, 


Hewing the Elevation or Depreſſion of the Index : 
But 


Set. 1. The Prackical Surveyor. 55 


But this ought to be done in as ſimple a Manner as 
poſſible, without embarraſſing the inſtrument with 
unneceſſaty Work. 

The Index ought to move eaſily and without 
ſhaking; alſo the whole Initrument ſhould be firm 
and ſteady. 

The whole Inſtrument is fixed upon a three-leg- 
ged Staff, after the ſame Manner with the Plain Ta- 
ble: Alſo there is commonly (if not always) an- 
nexed to it a Ball and Socket. The Head of the 
Staff had beſt be of Braſs, becauſe Wood is liable 
to fink and ſwell, and by that Means to ſhake. 

The Inſtrument when it is uſed ought always to be 

pretty nearly Forizontal, otherwiſe the Angles 
meaſured by it wiil not be true; but it 1s difficult to 
judge when it lies in this Poſition, eſpecially when 
it ſtands upon uneven Ground. Therefore ſome 
Kind of Level ought to be annexed to the Inſtru- 
ment; a ſhort Pjumb-line fixed properly under- 
neath may do very well, for here no great Exactneſs 
is required; or thazre may be two ſhort bubbles fixed 
in the Cormpaſs-Box at right- Angles to one another; 
bur then there mult be ſome other Method for ad- 
juſting the Inſtrument, than by opening the Legs. 
This may be done very well by what che Inſtrument 
Makers call a Rack; but the two Plates, with a 
Ball arid Socket between them, fixed to the Head of 
the Staff, is a better Way, In the upper Plate are 
four adjuſting Screws, bearing upon the lower one, 
by which the Inſtrument may "be readily brought to 
it's right Poſition. 

The inſtrument ought to turn en :fily upon the 
Staff, and without ſhaking, and alio there ought to 
be ſome Contrivance to faſten it readily in any Poſi- 
tion, without twiſting 1 it to one Side. The common 
Way of a Screw turning againſt the middle Pin is 
not a good Method, and by the new improved Way 
(as it is called) of drawing it down upon a Cone, a 
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{mall Force will turn it round out of it's Place, if 
great Care be not taken. Inſtead of theſe Methods 
it may be eaſily faſtened by two crooked ſmall Bars 
of Braſs fixed to the Socket, ſo as to graſp the Cen- 
ter Pin in four Places or Points. This Method will 
not be hable either to turn the Inſtrument to one 
Side in faſtening of it, or of letting it turn round 
when the ſaid Braſs Bars are once ſkrewed. 

The ſame Staff may allo ſerve for a Plain Table, 
a Spirit-Level, &c. 

If what hath been here ſaid concerning the Theo- 
dolite may influence the Inſtrument-Makers, it may 
proye of an Advantage to Buyers who are often 
unacquainted with the Nature of, Inſtruments. 


- The Manner of taking an Angle with the Theodolite. 


Let the Circle, Fig. 27. repreſent the Limb of the 
Theodolite, and let CA, CB, repreſent two Sta- 
tion Lines in the Field. Having planted the Center 
af the Theodolite over the Angular Point C, being 
the Index to 360?, then turn the Inſtrument about 
till you ſee the vertical Hair in the Teleſcope (or in 
the Plain Sights, if you uſe theſe) cut a Station Staff 
placed at A; this being done, faſten the Inſtrument, 
and turn the Index till it cuts the Staff at B; then 
the Degrees upon the Limb ſhew the L D CE 
which is oppoſite and equal to the L B CA, to be 
70 Deg. and ſo of any other. 

The Degrees are numbered in this Manner for 
the Conveniency of having the End of the Index, 
which is next the Obſerver, always point out the 
Angle, It they were to be read from the Center, 
the Obſerver muſt have gone always to the oppoſite 
End of the Index to find his Angle, This laſt 
Method is the moſt natural and intelligible to a 


Beginner, but the other is moſt convenient for 
Practice, 


In 
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In working with the Theodolite we only mea- 
ſure the Length of the Lines, and Quantity of the 
Angles in the Field, which we note in a Field-Book 
for that Purpoſe; and by theſe Directions we may 
draw the exact Plan of the Land, which is called 
Protracting. 

Provide a Field-Book ruled with three Columns, 
in the middle Column inſert the Quantity of the 
Angles, and Length of the Station Lines; in the 
outer Columns the Off-ſets from the Station Lines 
to the Boundaries, and on each Side note the Re- 
marks which you meet with in the Survey. 


. H. 


Shewing the Uſe of the T heodolite in meaſuring a 
Field, by taking tbe Quantity of the Angles 
which the Fences or Boundaries make with 
each other. 


4 


HE. Theodolite, as before mentioned, is uſu- 
ally numbered on the Limb, from the Left 
to the Right, and the Box from the Right to the 
Left; and therefore the Circuit is moſt conveniently 
made (according to the common Phraſe) contra 
ſolum, i. e. with the Fences on the right Hand. 
Let Fig. 28. repreſent a Field, of which a Plot 1s 
deſired: Firſt chuſe ſome convenient Place therein : 
to begin the Work, as at © 4 near the Corner of 
the Field; and ſet up a Staff with a Mark thereon, 
as a Piece of Paper, or a white Rag, ſo that you 
may plainly ſee it at the next Station; then lay the 
Chain in a {trait Line from à towards b, having firſt 
ſet up a Staff at b. 
The Chain lying in this Direction on the Ground, 
mealure with the Off- ſet Staff from © a the Diſtance 
to 
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to the Hedge 56 Links, and enter in the middle Co- 

lumn of = Field-Book o, and in the right Hand 
Column 56, denoting an OfF-fet laid off from 
© a, 56 Links to the right Hand of the Station 
Line. 

Meaſure forwards on the Station Line 43, till 
you come againſt the next Bend in the Hedge, then 
let the Chain lie on the Ground in a right Line be- 
tween the Stations à and , and with the Off-ſer 
Staff meaſure the Diſtance from the Chain to that 
Bend in the Hedge 140 Links. 

Take Notice at what Length of the Station Line 
each Off. ſet is laid off; as here at the Length of 340 
Links on the Station Line! lay an Off-ſet of 149 
Links; therefore in the middle Column of the Field- 
Book enter 540, and againſt it in the Column on 
the right Hand write 140, denoting that at the 
Length of 5 Chains 40 Links, in the Station Line, 
you laid an Off ſer to the right of 140 Links. 

Alſo take Notice that theſe Off-ſers are to be 
meaſured from the Station Line to the Hedge or 
Boundary in ſuch Manner that the Line repreſent- 
ing the Off- ſet may ſtand at right Angles with the 
Chain or Station Line. 

Here I would adviſe a young Beginner not only 
to enter theſe Obſervations in the Field-Book, but 
alto on a Piece of waſte Paper, to draw firſt a Line 
that ſhall repreſent the preſent Station Line, and then 
upon that to ſet the Off- ſets as he meaſures them in 
the Field, drawing the Boundaries as he goes along, 
not regarding the Length of any Line; a Reſem- 
blance of each Line being {ufficient, becauſe the 
true Lengths are entered in the F ;eld-Book : For 
laying this Sketch before him, when he protracts 
his Work, he will find it an uſeful Inſtruction, in 
drawing his Angles, and laying the Corners of the 
Field in their true Poſition, with other little Diffi- 
culties to be met with in Practice; but when he is 


accuſtomed 
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accuſtomed to a right Method of keeping the Field- 
Book, this Trouble may be ſpared. ; 

Now proceed to meaſure on the Station Line to 
the next Bend in the Hedge, and think take an Off- 
ſet at 8 Chains 26 Links; therefore againſt 826 in 
the middle Column of the Ficld-Book write, in the 
next Column on the Right, 36 Links, the Length 
of the Olff-ſet. 

The Hedge continuing {ſtraight to © 2, meaſure 
up thereto, and enter the Length! in the Field- Book 
1120, and meaſure the Diſtance to the Hedge 36 
Links, which enter in the Column of Off: ſets againſt 
1120, and draw a Line croſs the Field-Book. 

Now remove the Staff from h, and cauſe it to be 
ſet up in a convenient Place, as at c, then plant the 
Center of the Theodolite exactly over the Hole, in 
which the Staff ſtood at , (by the Help of a String 
and Plummet, which you may faſten under the 
Middle of the Inſtrument) making the three-legged 
Staff which ſupports the Inſtrument to ſtand firm 
on the Ground. Then bring the Index to 360 on 
the Limb, and turn the whole Inſtrument about till 
the Hair in the Sights cuts the Staff at a, and there 
ſkrew it faſt that the Motion of the Index may not 
cauſe it to ſtir from this Poſition; then turn the In- 
dex about till the Hair in the Teleſcope cuts the 
Staff at c, fo ſha)} the Index on the Limb ſhew the 
Quantity of the Angle @ þ c, viz, 102 Deg. 20 Min. 
which note 1n the Field- Book. 

Now, that you may be ſure you meaſured this 
Angle right, turn the Teleſcope back to the Staff 
at a, and, if the Hair cuts it, you are right; other- 
wiſe not. 

Having meaſured this Angle, let the Staff be 
brought from a, and place it in the Hole, over 
Which the Center of the Inſtrument ſtood at ; bur 
leave tome Mark at a, that you may find it again 
when you gome round the Field to cloſe the Plot: 


Lay 
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Lay the Chain from þ towards c; and at © meaſure 
the Off- ſet to the Hedge 20 Links; z at 236 in the 
Station Line, lay the Off- ſet 36; at 428 in the 
Station Line, the Off. ſet is 92; and at 796 the End 
of the Line, the Off- ſet is 30 to the Corner; there- 
fore againſt 30 in the Column of OfF-fers write 
Corner, denoting that the Off. ſet laid off at right 
Angles from the Station Line reached the Corner 
of che Hedge. 

Place the Inſtrument at c, and as before direkte 
meaſure the Angle bc d 110 Deg. 40 Min. which 
note in the Field-Book for the Quantity of the 
Angle at c. 

When you have meaſured the Angles, and made 
the neceſſary Obſervations at each Station, draw a 
Line croſs the F ield-Book, as you will ſee in the 
Form thereof; allo take Notice, that the Minutes 
are eſtimated by the Help of Nozus's Invention, 
which cannot be ſo well deſcribed as by the Sight 
of the Inſtrument; only this may be laid, that we 
can thereby eſtimate the Quantity of an Angle to 1 
Minute, which 1s as exact as they can be laid down 
on Paper by the Protractor. 

Bring the Staff from þ, and ſet it as upright as 
you can at c allo ſend another forwards to d; then 
meaſure on the Line cd, and lay the Of ſet to the 
Corner at 434, againſt which Off. ſet write Corner 
in the Field- Book; then meaſure up to d, entering 
the Length 468 in the Field-Book. 

Plant the Inſtrument at d, and bring the Index 
to 260 on the Limb; then turn it about till the 

lair in the Telcicope cuts the Staff at c, and there 

fix the Inſtrument; then direct the Teleſcope to e, 
and note the Quantity of the Angle at d, which the 
Index cuts on the Limb, viz. 230 Dep. 30 Min. 
wich accordingly note in the Field-Book. 
ln the ſame Manner proceed with the reſt of the 
Lines ad Angles round the Field, till you come to 
| | Station 


oats 30. az 
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Station a; but there is nv Neceſũty for meaſuring 
the laſt Angle, or even the laſt Line, Hut for the 
Sake of proving the Truth of the Work, which 
indeed 1s convenient, 

When the Inſtrument was planted at f, and you 
had meaſured the Quantity cf that Angle; the In- 
ſtrument remaining in the ſame Poſition, if you 
had directed the Teleſcope to the Tree in the 
Middle of the Field, and noted che Degrees, Sc. 
which the Index cut on the Limb; and done the 
ſame at g, and noted theſe Deg. &c. in the Field- 
Book, in the Column of Remarks, you night pro- 
tract the true Situation of the Tree in reſpect of 
any other Part of the Field. 


dee the Form of theſe ( bſervations as noted in the 
Field - Book. 
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If the Angle at à had been alſo taken, we might 


examine whether the Angles were all rightly meafur- 
ed: thus, Multiply 180% by a Number leſs by two 
than the Number of the Angles in the Field; then 
if 
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if this Product be equal to the Sum of all the An- 
gles in the Field added together, it may be con- 
cluded that they have been meaſured right, other- 
wiſe there muſt have been a Miſtake ſomewhere. 
The Number of Angles. in this Field is 7, therefore 
multiply 180 by 5, the Product will be 900%. The 
fix Angles that are meaſured make together 840 
29/, and if no Error hath been committed, the _ 4 
will meaſure 59* 407, which added to 8409 207 
will make the whole Sum goo'. But as there may 
be Miſtakes committed in meaſuring the Station 
Lines, (which Miſtakes do not come within this 
Rule) the Surveyor had beſt depend upon the clo- 
fing of the laſt Line with the firſt Station. If this 
happens exactly, there 1s a very great Odds on his 
Side, that the Field had been meaſured right: But 
if the laſt Line does not fo cloſe, if the Error be 
not in the Protrafting (which may happen) the 
Field mult be re- meaſured till the Miſtake be found. 
And it may be a uſeful Leſſon for a Surveyor to 
protract each Day as he goes along what he had been 
doing in the Field. This will prevent his running a 
great Length in a Miſtake, which if ha lets alone, 
may coſt him a great deal of Labour to find out. 


rr I. 


The Manner of Protracting the preceding 
Obſervations. 


S the Lines are meaſured in the Field by the 
Chain, and the Angles by the Limb of the 
1 heodolite; ſo the Lines are laid down upon Paper 
from a Scale of equal Parts, and the Angles by a 
Protractor. | 
The Protractor ſhould he 7 or 8 Inches in Dia- 
meter; and if 1t be a whole Circle, which is beſt for 
| Beginners, 
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Beginners, it ſhould be numbered into 360 Deg. 


the fame Way with the Limb of the Theodolite; 
only with this Difference, that the Numbers upon the 
Protractor ſhould ſtand ſo as to be read from the 


Center. Sometimes in the middle Bar is a Slit about 
an Inch long, having one Edge. a little ſloping; 
this Edge is divided into 12 Parts, each of which 
ſtands for 5 Min. The Point denoting o Min. is in 
the Diameter paſling through o or 360 Deg. and 180 
Deg. ' A Line paſſing from the Center through the 


Point denoting 60 Min. upon the ſaid Edge makes 


an with the Diameter of 1 Deg. ſo that if the Center 
of the Protractor be put to a Point in a given Line, 
and the Inſtrument be turned about it's Center, 
until 57, 107, 157, 207, 30, or 40", Sc. cut the ſaid 
Line, tne Diameter of the Protractor will accordingly 


form therewith the Angles 5, 10“, 157, 20, or 30%, 


Sec. reſpectively; then the whole Degrees may be 


pricked off by the Limb. Thus, if T was to make 


an L of 329 35“: Having put the Center of the 
Protractor to the angular Point, I turn the Pro- 
tractor about till 35 Min. cuts the given Line, then 
Iwill make a Prick or Point in the Paper exactly 
againſt 52 Deg. a Line drawn through this Point 


will form, with the given Line, the L required. 


Fheſe Inſtruments, I think, are called by the 


Makers Diagonal Protractors; but I believe they are 


ſeldom uſed by practical Surveyors, becauſe the 
Operation by them is ſomewhat tedious. 
lnſtead of the common Scales, you may have one 
divided all the Way at the Edge, like that in the 
Frontiſpiece. This 1s uſeful and expeditious, eſpe- 
cially for finding the Points in the Station-Lines 
where the Off- ſets come. If your Protractor is a 
Semi- circle, you may have ſuch a Scale cut on the 
outward Edge of the diametrical Bar. 
Provide a Skin of Parchment, if the Plot is de- 
fired to beton Parchment, according to W 
- 2 nels 
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nels of the Work you are about to lay down; or if 
on Paper, let it be large enough to hold all your 
Work ; the ſtrong Cartridge Paper for this Purpoſe 
is accounted beſt by ſome Surveyors. 

Having conſidered which Way the Plot will ex- 
tend, draw an obſcure Line on the Paper to repre- 
- ſent the firſt Station Line, and mark the End there- 
of with O (Fig. 28.) ſo ſhall that Point repreſent. 
the firſt Station in the Field: Lay the Edge of your 
Plotting- Scale cloſe to this obſcure Line, the Be- 
ginning of the Numbers coinciding with O, and 
encreaſing towards the next Station; then lay the 
Field-Book open before you, and becauſe the Off. 
ſets in the firſt Length are taken at the Diſtances 
©, 540, 826, 1120; therefore againſt theſe Num- 
bers on the Scale, make Marks in the obſcure Line, 
cloſe to the Edge of the Scale. q 

This done, turn the Scale perpendicular to the 
obſcure Line, fo that the ſeveral Off-ſets may ſtand 
thereon at right Angles as aforeſaid ; and apply it 
ſucceſſively to theſe — Points, and there prick 
off the Lengths of the ſeveral Off- ſets on the ſame 
Side of the obſcure Line as noted in the Field-Book; 
fo at © prick off 56; at 540, the next Length, prick 
off 140; at the next Point, which is at the Length 
826, prick off 36; and at 1120, the End of the 
Line, prick of 36; or theſe Off- ſets may be taken 
with the Compaſſes from a common Scale. 

Now if Lines are drawn from Point to Point, 
they ſhall repreſent the Boundaries of this Side of the 
Field; and becauſe the Hedges, eſpecially in old 
Incloſures, are generally in the Form of a Curve ra- 
ther than ſtrait Lines, therefore if you draw the 
Boundaries from Point to Point with a Quill Pen 
with your Hand only, they will be more naturally 
expreſſed, than if you lay a ſtrait Ruler from Point 
to Point (except the Diſtances are very long, or 
you take a Multitude of Off. ſets;) and to be exact, 
it 
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it is ſometimes neceſſary to expreſs the Nature of 
theſe little Irregularities in the Fences, by a Sketch 
on one Side of the Field-Book. 
The Length of the firlt Station Line being 1120, 
mark that Diſtance from O, with O; and let 
the obſcure Line be produced each Way as long as 
the Radius of the Protractor. | 
Lay the Center of the Protractor to the Point 
© 6, and turn it about thereon, till the Diameter 
lies on the Line as, the Beginning of the Numbers 
on the Protractor being laid towards © a, contrary 
to the Theodohte in the Field. | 
Hold the Protractor cloſe down to the Paper in 
this Poſttion, and becauſe the Angle at & is 102 
Deg. 20 Min. therefore with a protracting Pin or 
Needle, make a Mark againſt 102 Deg. 20 Min. 
cloſe to the Limb of the Protractor, through which 
Mark from h, draw the obſcure Line c. 
So is the Station Line c, laid down in the ſame 
Direction as in the Field, and the Angle abc, the 
ſame... f 
Lay the Plotting-Scale to the obſcure Line bc 
the Beginning of the Numbers coinciding with the 
preſent Station, and the Numbers encreaſing to- 
wards the next; then cloſe to the Edge thereof 
againſt o, 236, 428, 796, the Lengths where the 
Off- ſets were taken, make Marks with the pro- 
tracting Pin; and turn the Scale perpendicular to 


the obſcure Line, and prick off the ſeveral Off- 


lets, 20, 36, 92, 30. 

And nov if Lines are continued from the Fences 
before drawn to theſe Off- ſets, they ſhall repreſent 
the Boundaries on this Side of the Field. 

The Off. ſet at the End of the ſecond Station Line 
at c, reaches into the Corner; but thoſe at à muſt 


be continued till they meet one another, and this 


might be expreſſed in the Field- Book or Sketch, 


that you may not miſtake the Corner of the Field. 


F 2 Lay 
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Lay the Center of the Protractor to c, the Dia- 
meter being held cloſe to the Line c, and againſt 


110 Deg. 40 Min. on the Limb of the Protractor, 
make a Mark, through which draw the Line cd. 


At the Length 434, in this Line lay the Off-ſet 
30 Links, to which continue the Boundaries before 
drawn; ſo is this Side of the Field finiſhed. 


* Note, The next Cat à being 230 500, ſubtract 


this Number from 360, and note the Remainder 
229% 107%; then turn the Protractor the contra 
Way, viz. ſo that the Arch may be to the Outſide of 
the Field; and counting from c make a Point at 
229 10%, through which Point draw the Line de. 
Or if the Protractor be numbered to 360, on a 
Circle concentric to the outward Circle, and the 
Numbers on both encreaſe the ſame Way, (as the 
Limb of the Theodolite) then the Protractor being 
turned reverſely as above, the Angle 230 Dep. 50 


Min. -may be pricked off from the inner Circle. 


But if you uſe a circular Protractor, it may be 
laid always one Way, viz. the Beginning of the 
Numbers towards the laſt Station, contrary to the 
Theodolite in the Field; and this in my Opinion 
1s the beſt Way. Joy 

But if you uſe a ſemicircular Protractor, obſerve 


to lay the Diameter on that Line which brought you 


to the preſent Station; and to lay the Beginning of 
the Degrees of the Protractor towards the laſt Sta- 
tion when the Angle is leſs than 180 Degrees; but 
the contrary Way when the Angle is more. 

So at d lay the Diameter of the Protractor on the 
Tine gd, the Beginning of the Numbers being laid 
the contrary. Way to c; and againſt 230 Deg. 30 
Min. on the inner Circle of the Protractor, make a 


Mark; through which draw the Line de. 


In the ſame Manner lay down the Angle at e, 
and drawothe Line ef, continuing the Boundaries 
as beſoredircted. | DP Re 
*2.4 < When 


— 
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When you have marked the Angle at /, let the 
Protractor lie in the ſame Poſition, and make a 
Mark againſt 38 Deg. 30 Min. as noted in the Field- 
Book for the B aring of the Tree from that Station, 
and through that Mark was an e Ling 
from fel - 

Do the ſame at g, continuink the abcr dun 
from thence till it croſſes that drawn from /, ſo ſhall 
the Interſection of theſe two Lines determine the 
Situation of the Tree in 17 5 Middle of the 
Field. 

In the ſame Manner may any 5 inacceſſible 
Diſtance de meaſured by the Theodolite--: +, -+ + 

When you have marked the Angle at g, and 
e, the Line g a, it will cut through the Point 

2, and the Length of the Line ga will be the 
ſame as that noted in the Field-Book; which proves 
the Plot to be truly laid down. But if the laſt 
Line had not paſſed through a, or was not of the 
ſame Length on the Paper as that noted in the 
Field-Book, ſome Error muſt have been committed 
in the Field, or in Protracting. 


. 
How to meaſure Angles þ 'y the clan. 


OR this Purpoſe cours three round Stitios: 

Staffs four or five Feet long a- piece; and alſo | 

take Care that the Ring in the Middle of the Chain, 

and alſo thoſe at each tenth Link, be at their due 
Diſtance from the Chain's End. 

1. In order to meaſure the Angle doe, Fig. 29. 
ſet one of your Station-Staffs as upright as You can 
at 9; and putting the Ring at one End of the Chain 
over it, let one of your Aſſiſtants take the other End 
in his Hand, and ſtretch out the Chain towards 4; 


F whilht 
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whilſt you ſtanding at o, direct him to move fide. 
ways till the Station-Staff which he has in his Hand 

be brought into one right Line with o d, as at a, 
and there let him leave the Staff, 48 6 

Then let him, with the End of the Chain in his 
Hand, move towards e, and, as before, direct 
him to plant the third Staff upright in the Line 
8, e, at b. - 

Meaſure the Diſtance a+ in Links and:tenth 
Parts, if leſs than one Chain, and enter them in 
the Field-Book 88+. : 

When you Plot this Angle, take with a Pair of 
Compaſſes from a large Scale, the Diſtance of one 
Chain; and having drawn a Right Line go, ſet one 
Foot of the Compaſſes in 9, and with the other de- 


ſcribe an Arch ac; then from the ſame Scale take 


883 Links; and ſetting one Foot of the Compaſſes 
at a, let the other fall in the Arch ac, and make a 
Mark at 5 : Laltly, through this Mark, from a 
draw the Line oe, conftituting the Angle doe. 

Obſerve to plot your Angles by a large Scale, as 
an Inch, or two Inches, and the Length of the 
Sides by a ſmaller, as a Quarter or halt an Inch: 
Alſo obſerve, that when the Length of the Chord 
«b is longer than one Chain, then it is beſt to lay 
out a Sextant, or two Sextants, in the following 
Manger. 

The Manner of meaſuring Angles with the 
Chain, by laying off Sextants, is deduced fiom this 
known Property of the Circle; viz. The Radius of 
every Circle is equal to the Chord of one fixth Part (or 
a Sextant) of :t's Peripbery, | 


2. Let it be required to meaſure the Angle Bac, 
Fig. 30: Furſt, ſet up a Staff at a, and lay the 
Chain ſtrait in the Direction of @6 to :, and at 30 
Links ſet down an Arrow at 0; then let your Af- 
S$ftants hold the Ends of the Chain at o, and a, 


| | vyhilſt | 


* 
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whilſt you with the Middle in your Hand, ſtretch- 
ing both Halves ſtrait, ſet down an Arrow at e, 
conſtituting the equilateral Triangle oae; fo have 
you laid out the Angle oe, a Sextant. 

But if you have two Chains, you may (which is 
better) lay out the Sextants, fa that each Side of 
the equilateral Triangle be one Chain. 

Now the Chain's End being ſtill held at a, ſtretch 
it through the Point e to d, where alſo ſet down an 
Arrow: Laſtly, meaſure the Diſtance from the 
Arrow at d, to a Staff ſet up one Chain's Length 
from a at #; fo ſhall the Diſtance du be 76 Links, 
and four Tenths of a Link; therefore enter in the 
Field-Book 1“. 764*. plying I Sextant and 764 
Parts. 

In order to plot this Angle bac thus meaſured, 
chuſe ſome Line divided into 1000 Parts, and mak- 
ing this Line Radius, ſet one Foot of the Com- 
paſſes in à, and with the other deſcribe the Arch 
iz; the Compaſſes continuing at the ſame Extent, 
{et one Foot in i, and with the other croſs the Arch 
at d, and there make a Mark. | 

Then take 764 Parts from the ſame Line, * 
vided into 1000 Parts, which you make Radius; 
and ſetting one Foot of the Compaſits in the Mark 
at d, let the other croſs the Arch at «4, and there 
make a Mark: Laftly, from a, draw a Line through 
the Mark at «, a, you will conſtruct the Angle 
required. 

If you have not a Line (which is beſt) actually 
divided into 1000 Parts, uſe the largeſt diagonal 
Scale you have; ſo you may take off 76 Parts 
exactly; and the four Tenths you muſt gueſs at 
by moving the Compaſſes near half Way in the 
Diagonal towards 77; allo obſerve, the 10th of 
a Link is meaſured on the Land by the Off- ſet 


Staff, having a Link or two ah divided into 


ten Parts. 
F 4 3. It 
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If the Angle be more than two Sextants, as 
in Fig. 31; then having, as before, laid off the 
Sextant e, let” your Aſſiſtants hold the Ends of 
the Chain at à and e, while you with the Middle in 
your Hand, ſer down an Arrow at *, neren 
another Sextant e x 7. 
Then the Chain being held at a, „ layir through 
, and at the other: Erid d, ſet down an Arrow: 
' Laſtly, meaſure du, which ſuppoſe to be 42 Links 
and 5 Tenchs; therefore enter in the Field- Bock 
42 4296 fignikying 4 Sextants and 425 Parts. 
If you-wonld-protract” the Angle of Fig. 31, 
0 the Bength of the Line divided into 1000 
Parts, deſcribe the Archi, and thereon lay in, nd, 
each equal to the s or divided Line; and af. 
„ter warcts la 42 eꝗutl Farts from to u, and draw 
an, hich gives the Angle require. 
Obſervt, 1 you were about t meaſure the An- 
ele, Fig. gi And had ſetupione of your three Staffs 
where I Station-Lines meet in the angular Point 
4, another ad i and the ther at u, in the Lines 25, 
ac; before you procted to meaſure the Angle i au, 
you muſt be ſure that ithe Stafis at a, i, and i, are 
exactly! in the ſamelſtrait Line; and alſo the Staffs 
at's, u, and the Mark at c, in another ſtrait Line. 
So rmwhen the Staff at à is planted as neariy 
pendicular as jou can, move. yourſelf back würds, 
the farther. the better, till you ſee the Staff at a, 
and that at 7, in one ſtrait Lone with the Mark At 
55 there3.ttand, and / direct your Aſſiſtant to place 
his Staff, ſo that the Staff at @ exactly cover that 
at i, fromthe:!Fop:w: the Bottom. 
Note, Nou muſt take Care that the Staffs are 
upright," Fo as. to: lie in. the ſame Plane. oi '*C 
1 VN". Mo G. Jr TON 
14H IH an Angle be Seal en PE contain more 
than three Sexcants, as Due, Fig. 32. put the Ring 
at one End of the Chain oyer the Staff at a, and tak- 
ö N ＋ ing 
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ing the other End in your Hand, ſtreteh out the 
Chavi at length towards 4, and move ſideways, till 
- you. perceive.yourſelf in a Right-Line with a 4, and 
there at the End of the Chain let down an Arrow 
at 4; ſo that 4, a, & are in the ſame right. Line; 
then ſet down the other Staff at c, at the End of 
one Chain alſo; ſo that the Staffs at a and c be in 
the ſame Plane with the Mark at e.. Now meaſure 
the Angle Aac, in the ſame Manner as aforeſaid, 
and to it add the Sextants, ſo will the Sum be the 
Mealufe, of the external Angled ac. 

So if the; Angle dc, be 947, then will the ex- 
aernal; Angle ac, be, 3 Sextants, 947 Parts; and 
if che Angle da c, be 1“. 945 then 4 a:c. ill be 4 
947, Se. 

Wen you protract the external Angle ; a e, firſt 
continue the Line a; then from the Angle ſub- 
tract 3 Sextants, and make the Angle da e, equal 
to the Remainder. + 

Bur if you go on the Outſide of a Field or Wood, 
you may::then work as though you were within; the 
Wood, by meaſuring the Angle vertically: ep e 
to 7 — chat are internal: So in Fig. 33. 
meaſure the Angle o a u, inſtead of ba e, it wil + 
your Buſineſs when you come to protract, as well 
as it yay had meaſured & e on the Inſide; for, if 
two Right-Lines croſs one another, the contrary or 
vertical Angles are equal. Euclid, 15. 1. 

Angles meaſured by the Chain, may be laid down 
by a ProcriGor, made on Purpoſe, having Sextants 
and Links divided thereon; and then to be uſec4 in 
the ſame Manner as other Protractors. 

The Manner of keeping the Field-Book, is in all 
Reſpects the ſame as that uſed in the 2d Se. of this 
Chap. except that when the Angles are meaſured by 
the Theodolite, you note the Quantity of each by 
Degrees and Minutes: In this Caſe, when meaſured 


by, the Chain, you note the Quantity by Sextants 


and Parts, | So 
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So if you work to meaſure the Field, Fig. ag. by 
the Chain, inſtead of noting 102* 20%, for the 
Quantity of the Angle h, you. muſt note 1 Sextant 
734 Parts; and inſtead of 35 50, for the external 
Angle d, you muſt note 3 Sextants, 886 Parts; 
but the Station- Lines, Olf. ſets, Se. will Kill be 

the ſame. 

There are other Ways of working with the. Chain; 
but theſe before-mentioned are the beſt and exacteſt, 
and contain as much Variety as any one will: com- 
monly put in Practice: You may alto thereby mea- 
ſure an inacceſſible Diſtance, and do ſeveral other 
Things; but theſe are only for a Shift, when we 
have ho other Initruments: And the ſame may be 
laid of P Angles. 


e : i E 0 11 v. 
Of the Circunferentor.. 


HE Circumferentor is only a Gompat Box 
and Needle, having two plain Sights perpen- 
dicular in the meridian. Line of the Box; or, in- 
ſtead of the plain Sights, a Teleſcope may be 
mounted over the Box, ſo that it may be elevated 
or depreſſed to an Object as there ſhall be Occaſion. 
1 his inftrument is ſupported by a three- legged 
Staff, like the Theodolite and the. Plain Table. 
If the Index of the Theodolite be taken off, and 
fitted to a three-legged Staff, it will then be a 
perfect Circumferentor : So that he who hath the 
tormer of theſe Inſtruments, hath the other alſo 
contained in it. 

In ſurveying Harbours, Sea- coaſts, Counties or 
large Commons, where the Lines are very long; 
or thick overgrown Woods, where we may de forced 
to make a Multitude of Angles, and the Sight of 
of the two Lines conſtructing the Angle may be 
hindered 
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hindered by the Bruſh or Underwood ; in theſe and 
ſuch Caſes, where no great Exactneſs is required, 

the Angles may be meaſured by the Needle only 
and this Method, it muſt be owned, 1s very expe- 

ditious, becauſe the Trouble of obſerving the back 
Stations is ſaved. Yer in ſurveying Lordſhips, In- 
cloſures, or plain Paſture Land, (a ſmall Piece of 
which got or, loft is of a conſiderable Value, and 


each particular Field ought to cloſe exactly) the 


Angles arc, without doubt, more furely meaſured 
by the Limb of the Theodolite ; ; becauſe the Degrees 
in the Box cannot be ſo nearly eſtimated, and the 
Needle is liable to be drawn aſide by ſome hidden 
magnetic Power. 

The Pofition or Bearing of a Line obferved by 
the Needle is expreſſed by ſuch a Number of De- 
grees and Minutes as it is diſtant from, or Quan- 
tity of the Angle, which that Line makes with the 
Meridian. 

If a Perſon wholly unacquainted with the Uſe of 
this Inſtrument, will take the Pains to try this fol- 
lowing Method, it may be an Help to conceive the 
Manner of uſing it in the Field. 

Upon a Sheet of Paper let there be drawn right 
Lines parallel one to another at any Diſtance, and 
upon a Table let there be fixed a Pin with a Point 
upwards; let the Pin ſo fixed be run through one 
of the Lines on the Paper; upon the Point "of the 
Pin, let there be put a magnetic Needle, and let it 
traverſe about till it reſts of itſelf ; then turn the 
Paper about on the Table till the Needle hangs di- 
rectly over the Line, in which the Pin is placed, 
which is diſcovered by fixing the Eye over it's Cen- 

ter; then with ſealing Wax faſten the Paper to the 
Table by the four Corners; ſo may the Paper be 
ſuppoſed to repreſent the Surface of the Earth, an 
the Lines the magnetic Meridian, (which marke 
the Top with North, and at the Bottom with Tonk) ) 
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If the Pin be removed into any other of the 
Lines, and the Needle be made to traverſe, thereon, 
it wall, when at reſt, hang directly over the Line 
in which the Pin is placed, if the ſaid Line be drawn 
parallel to the firſt Line, over which the N edle 
hung when the Paper was fixed. | 

Ti he Needle then pots: always to, or & ew in the 
Direction ef the Meridian, by-Virtue of the magne- 
tie Power:z2l0 if J had faſtened to the Table a Sheet 
of blank Paper, and had;Jaid a Ruler in the ſame 
Direction with the Needle when at reſt;; and had 
drawn a mcridian Line, and then removed the Nee- 
dle to another Part of the blank Paper, and drawn 
another ſuch a Line by the Direction of the Needle, 
chat ¹jðỹñould have been parallel to the former. 

When ve take an Angle! in the Field by the Nee- 
dle, the meridian Line is always one Side of the 
Angle, and the Hedge, Wall, or Fence along 
which the Teleſcope 15 GdireRed, is the other Side 
of the Angle, and they are e gg. o meet at the 
Center-ot-the-Inftrument. | 

Set one Foot of a Pair of Compaii es in * one 
of the Meridians on the Paper, and: deſcribe a Cir- 
cle, then the ſaid meridian Läne is it's Diameter: 
Divide this Circle into 360 Degrees, which is eaſily 
done by the Protractor, and let the Numbers == 9 
at N. or North, and encreaſc to the Left, towards 
Erro 

Then this Circle repreſents the Box of the Inſtru- 
ment in the Field, and the Lane N. S. repreſents 
the Needle. 
Prom the Center of he Cirole, drow: a long Line 
any Way at Pleaſure, and- let this Line repreſent an 
Hedge or Station-Line in the Field; and to find 
it's, Bearing or Angle that it makes with the Meri- 
dian, look what Degree, Cc. it cuts on the Circle; 
and that will be the Quantity of the Angle or 
Bearing tram the Meridan. 30 5 
f 80 


N 
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So the Needle uſed in the Field points out the 
magnetic Meridian, and the Diviſions in the Box 
moved under it meaſure the Angle that any Line 
in the Field makes with that Meridian. 

The Box of the Circumferentor is commonly 
numbered from the Rigtit to the Left; the Num- 
bers beginning at N. or North, which is marked 
alſo with a Flower-de-luce, encreaſing towards E. 
or Faſt; and the Direction is to be taken from the 
North End of the Needle. 


* "The Uſe of the n in Surveying La. 


Let 1t be required to obſerve the Bearing of the 
leveral Stations-Lines which er the? Wood, 
Tig 34. en o 

Firſt plant the C ;revaforentor at fome conveni- 

ent Station, as at a; the Flower-de-luce in the Box 
being from you, direct the Sights to a Mark at 
the next Station &, and note the Diviſion Which 
the North End of the Needle points to in the Box 
when at relt, which is 260 Des. 30 Min. therefore 
note this Number 260 Deg. 30 Min. in the Field- 
Book, for the Bearing of the Line a b. 

Obſerving former Directions for removing the 
Theodolite from one Station to another, and mea- 
ſuring the Station Lines and Off- ſets from thence to 
the Boundaries as you paſs along the Station Lines, 
let the Inſtrument be removed from a, and planted 
at , the next Station; then keeping the Flower- 
de-Luce in the Box from you, turn the Inſtrument 
about till the Hair in the Sights cuts a Mark at the 
next Station c; then will the North End of the 


Needle point to 292 Deg. 12 Min. which note in 


the Field-Book for the Bearing of the Line 6c. 
The Inſtrument being planted at c, and the Sights 
directed to 4, the Bearing, of that Line cd will be 
331 Dez. 45 Min. 
In 
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In the ſame Manner proceed to take the Bearing 
of other Lines round the Wood, obſerving this ge- 
neral Rule, viz. Keep the Flower; de. luce in the Box 
from you, and take the Bearing of each Line from the 
North End of the Needle. 1 

The Numbers in the Card of ſome of theſe Cir. 
cumferentors are made to encreaſe towards the 
Right, but that before - mentioned is beſt; for when 
you turn your Inſtrument to the Eaſtward, the 
Needle will hang over the weſtward Diviſion on 
the contrary Side. 

Inſtead of planting the Circumferentor at every 
Station in the Field, the Bearings of the ſeveral 
Lines may be taken if it be planted only at every 
other Station. 

So if the Inſtrument had been planted at 5, and 
the Flower-de-luce in the Box kept towards you 
when you look back to the Station a, and from you 
when you look forwards to the Stations c, the Bear- 
ings of the Lines @ 6, and h c, would be the ſame as 
before obſerved : Alſo the Bearings of the Lines 
cd, and de, might be obſerved at d; and ef, and 
Fa, at /; fo that inſtead of planting the Inſtrument 
6 Times, you need in this Caſe plant it but 3 
Times, which ſaves ſome Labour. 

But ſince you muſt go along every Station-Line, 
to meaſure it or ſee it meaſured, the Trouble of 


__ ſetting down the Inſtrument is not very great, and 


then alſo you may examine the Bearing of each 
Line as you go along; and if you ſuſpect an Error 
in the Work by the Needle's being acted upon by 
ſome hidden magnetic Power, or from your own 
Miſtake, in obſerving the Degrees that the Needle 
points to, you may correct ſuch Error at the next 
Station before you proceed. | 
As when the Inſtrument was planted at a, and 
the Sights directed to.b, the Flower-de-luce from 
Ys 
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you, the Norch End of the Needle pointed to 260 
Deg. 30 Min. now being come to 6, Gire& the Sight 
back to a Mark at a, keeping the Flower-de-luce 
towards you : So ſhall the North End of the Needle 
point to 260 Deg. 30 Min. as before at a, and then 
you may be ſure the Bearing a the Line @ & is truly 
obſerved, _ 

But if the Needle doth not point to the ſame 
Number of Degrees, &c. there hath been ſome 
Error 1n that Obſervation, which muſt be cerrected 
before you praceed. 

If you have a Suſpicion that the Needle doth 
not. * well, when the Inſtrument is planted at any 
Station, as at a, direct the Sights to the Mark at 4, 
and note the Degrees, Sc. pointed at by the Nee- 
dle in a Piece of Wite Paper ; then with a clean 
Knife, Key, or any Bit of "oliſhed Steel, move the 
Needle by applying it to the Box, and examine 
when it hath fettled again what Degrees it then 
points at, the Sights being ſtill directed to the pre- 
ceding Mark at 2 ; and if the Degrees are the 
ſame, they may be entered in the Field-Book ; but 
if not, the Cap and Pin muſt be cleanſed with ſome 
brown Paper and a little Putty, and thereby frecd 
from ſuch Duſt or Dampneſs that hath gotten to it, 
If after all the Needle does not play freely, place 
in the Box another Pin, or uſe another Needle, or 
do both, and theſe Neceſſaries a Surveyor ought 
to have in his Pocket while he is in the Field. 

If you would meaſure the Quantity of any Angle 
by Ks Needle, place the Inſtrument at the angular 
Point, and take the Bearing of the two Lines con- 
ſtructing that Angle, and ſubtracting the leſſer our 
of the greater, the Remainder is the Quantity of 
that Angle, if leſs than 180 Degrees; but if the 
Remainder is greater than 180 Degrees, ſubtract 
it out of 360 Degrees, and that laſt Remainder is 
the Angle. | 

The 
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The Manner of entering the Off. ſets in the Field 
Book is before ſhe wn in the Uſe of the Theodolite; 
it will be ſufficient, in this Place, to inſert the Bear- 
ing of each Line or Quantity of the Angle which 
each makes with the Meridian, together with their 
Lengths, in order to protract or lay them down on 
the Paper Plot of the ſame Length, and in the ſame 
Direction as in the Field. Vide Fig. 34. 

As this Inſtrument is fo very ſubject to Error, the 
Practitioner ſhould never uſe it, except Neceſſity 
oblige him to it; for, as an Angle can hardly be 


taken by it to a Degree, the Errors will be re- 


m, large, if the Lines are of any Length. 
8 E r 
The Manner of Protrafing the aforeſaid 05. 


- ſervations made by the Circuiferentor. 


Nur 


7 | 


ab 260% gd — 1242 Firſt, Draw Lines pa- 
#7-.202., 22 1012 ralle] to one another 
cd 331 45 ——1050 quite through the de- 
4% 39 00 1428 figned Draft, at Diſtan- 
ef 112 15 — 645 ces not exceeding the 
fa 151 go——1806 Breadth of the diame- 
trical Part of your Pro- 

tractor, as in Fig. 34, and mark them with N. and 
S. for North and South; then conſidering which 
Way the Pot will extend, aſſign a Point in ſome one 
of the Parallel Lines, to repreſent the firſt Station in 
the Field, as at a; to which Point lay the Center of 
the Protractor, and by the Help of the Diviſions con- 
tinued FOO the Ends of the Diameterof the Pro- 
tre ctor- 
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tractor, lay the Diameter upon, or parallel to thoſe 
North and South Lines; the Beginning of the 
Numbers on the Protractor towards that Part of 
the Line marked with N. or Northwards, when the 
Degrees are fewer than 180, but Southwards when 
more; The Protractor being thus placed, look in 
the Fieid-Book for the Bearing of the firſt Line a#, 
which is 260 Deg. 30 Min. therefore with the Be- 
ginning of the Numbers on the Protractor towards 
V, cloſe to the Limb againſt 260 Deg. 30 Min. make 
a Mark ; and through that Mark, from an aſſigned 
Point at a, dr a Line a5, on which Line ſet 12 
Chains 42 Links, as noted in the Field-Book, 

So will the Line @ 5, on the Paper, have a Bear- 
ing like to that which you obſerved in the Line a6 
to have in the Field, in reſpect to the Meridian: 
But the Protractor, to lay down theſe Obſervations, 
muſt be numbered contrary to the Box of the Cir- 
cumferentor; and if it be a Semicircle it muſt be 
numbered, firſt to 180, and then on the inner Cir- 
cle, whoſe Numbers muſt increaſe the ſame Way as 
the outer Circle to 360; the Bearings greater than 
180 are pricked off from this inner Circle, and the 
Beginning of the Numbers muſt be laid Northward 
or Southward as the Degrees of Bearing are leſs or 
more than 180. If your Protractor be a whole Cir- 
cle, the Beginning of the Numbers may be kept 
always one Way, as the Numbers of the Circumte- 
rentors were in the Field; but the Diameter muſt 
be always laid upon a Parallel to the Meridian Lines, 
and may be marked with N. S. at the Ends as a 
Direction to keep it in it's true Poſition. - 

Having made the Line 45 of it's true Length and 
Poſition, the next Thing to be done is to lay the 
Off-ſets therefrom, which gives the Boundary of- 
that Side of the Wood, Fig. 34. 

Lay the Center of the Protractor to the Point &, 
and becauſe the Bearing of the Line bc is more than 


G 180 
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180; lay the Beginning of the Numbers of tho 
ſemi-circular Protractor towards S; and againſt 
292 Deg. 12 Min. make a Mark, through which 
Mark from þ, draw the Line c, ſetting the Off- 
ſets therefrom, and draw the Boundary of that Side 
of the Wood. | Wea", 

In the fame Manner lay down the other Lines 
cd, de, ef, and f a; ſo will the Line Fa cut through 
the Point a, and be of the ſame Length on the 

Plot as that meaſured in the Field, if the Obſerva- 
tions be truly made. 8 | 

Then if you drew the Station-Lines, and Off- 
ſets, with a black-lead Pencil, and the Boundaries 
with Ink, you may with a Piece of Bread rub off 
thoſe Lines, ſo ſhall the Boundaries of the Wood 
only remain, which gives the exact Figure thereof, 


SECT, VII, 


The Manner of caſting up the ſmall irregular 
Pieces of Ground, which lie between the 
Station-Lines and Hedges. 


F very rarely happens that the Sides of a Field 
are all ſtrait Lines, and therefore any Method for 
meaſuring them from one or more Stations in the 
Middle can ſeldom be put in Practice; the belt 
Way being ta go roynd, apd meaſure the ſeveral 
Angles from Stations near the Boundaries, but at 
ſueh a Diſtance from thence that we may ſee clearly 
fram one Station to another, and have plain Ground 
to meaſure the Diſtances free from the Incumbrance 
of Bruſhwood, Trees, Sc. So ſhall the greateſt 
Quantity af the Land be included between the regy- 
lar Station-Lines, which is caſt up as before direct- 
ed, by dividing the ſame into the largeſt Trapezias 
and Priangles poſſible; and meaſuring the Raſes 
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and Perpendiculars by the ſame Scale that the Plot 
was laid down by. 

But in order to caſt up the ſmall 1e ar Pieces 
comprehended between the Station- Lines and Boun- 
daries, if you reduce them into Triangles, Sc. as 
they will be a great many in Number, ſo you may 
commit very conſiderable Errors in lay ing of them 
down firſt, and taking them off afterwards, eſpe- 
cially if the Scale you protract by be very ſmall. 
For the Removal of this Inconvenience, I ſhall here 
ſhew a Way whereby you may caſt up theſe ſmall 


Quantities, however ſmall the Scale may be, as ex- 


actly as any of the greater Parts of the Field. 

Suppoſe the ſmall irregular Pieces between the 
Station-Lines and Boundaries, Fig. 28, were to be 
caſt up. 

Firſt lay the Field-Book before you, where you 
will find the Length of the firſt Off: ſet (as meatured 
in the Field with your Off. ſet Staff) from © 1 at a, 
to be 56 Links, and the ſecond at 540 in the Chain- 
Line, 140, forming the ſmall Trapezium a a. Viae 
Fig. 25. 

Now if you add the Off- ſet to the next 140, 
the Sum will be 196, the Halt of which 1s 98, the 
equated Breadth ; multiply the Length 540 by 98, 
the Product is 52920, the Content of the Trape- 
zium a, in ſquare Links. 

Add 140 to 36, the Sum is 176, the half Sum 
88; ſubtract 540 from 826, the Remainder is 286, 
the Length of the Trapezium &; therefore multiply 
286 by 88, the Product is 25468, the Content of 
the ſmall Trapezium 6. 

Subtract 826 from 1120, the Remainder is 294, 
the Length of c; and becauſe both the Off-ſets are 
alike, multiply 294 by 36, the Length of the per- 
pendici lar Off- ſet, the Product is 10584, the Con- 
tent of the ſmall Piece c. 
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In the ſame Manner deal with the reſt of theſe 
ſmall Pieces round the Field, and ſet down the 
Product of each in an orderly Manner one under 
another; - ſo ſhall the Sum give the exact Content 
of theſe ſmall Fieces, which, added jo that within 
the Station-Lines, gives the true Content of the 
Freld in ſquare Links, which reduce into Acres, 
Sc. as before directed. 


Note, The Performance of this being tedious, in 
the next Chapter will be laid down a more expe- 
ditious Method for caſting op the Content of any 
Peck of Land. 
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CHAP VV. 
Shewing the Uſe of the Theodolite in 
Surveying Land, by the Help of the 
Needle and Limb together, 


8 E CT. 1: 


N this Method of Surveying Land, the 
Angle which every Line makes with 
the Meridian is meaſured by the Limb 
2% of the Theodolite, and therefore much 
preferable to that before-mentioned in the preceding 
Chapter by the Needle only ; becauſe the Degrees, 
and Minutes are better eſtimated on the Limb of 
the Inſtrument than it is poſſible they ſhould be in 
the Box of the Circumferentor ; and this gives the 
Theodolite the Preference to any other Inſtrument; 
becauſe we can work by the Limb only, without 
regarding the Needle at all: but if it be more con- 
venient fo make uſe of the Needle, we may do it 
in the following Manner, being the uſual Method 
for ſurveying large and ſpacious Tracts of Land. 


The Needle being obſerved to play well, when it 


hath ſettled in the Birection of the Meridian and is 

at reſt, the Box may be moved round the fixed Cen- 

terby turning the Index on the Limb and the Point 

marked with 360 in the Box, brought directly 

- againſt the North End of the Needle, with 2 

Exactneſs than a Degree, and it's Parts can be eſti- 
8 3 mate 
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mated in any other Part of the Box; beſides, we have 
on Advantage, which 1s very conſiderable, that we 
can make Ule of a ſhort light Needle, whoſe Friction 
being leſs, plays better than a longer and heavier. 
Let the Lines © a, bc, de, ef, in Fig. 36. re- 
preſent the Station-Lines near the Boundaries of a 
Field; then the Angle which each makes with the 
Meridian may be obſerved in the following Man- 
ner. 

Firſt, having ſet up a Mark at ©, meaſure for- 
wards with the Chain on the Line © a to a 600 
Links. 

Plant the Inſtrument at a, and bring the Index 
to 360 on the Limb, and turn the whole Inſtru- 
ment about (whilſt the Needle hangs in the Direc- 
tion of the Meridian) till 360 in the Box is brought 
directly againſt the North End of the Needle, and 
there fix the Inſtrument ; then is the Teleſcope fet 
in the Direction of the Meridian alſo; and in this 
Poſition is the Inſtrument to be planted at every 
Stat ion. 

Now turn about the Index till the Hair in the 
Teleſcope cuts the Mark left at O, and note in the 
Field-Book the Degrees and Minutes which the 
Index cuts on the Limb, Viz. 207 Deg. 20 Min. 


being the Quantity of the Angle which the Line a © 
male with the Meridian. 


Remove the Inſtrument from a, leaving a Mark 
at that Station, and procced with the Chain to , 
and there plant the Inſtrument; then bring the In- 
dex to 360 on the Limb, and 360 in the Box exactly 
to the North End of the Needle as aforeſaid, and 
direct the Teleſcope to the Mark left at a, and note 
tlie Degrees and Minutes cut on the Limb by the 
Index, diz. 285 Deg. ro Min. which is the Bearing 


of Ja, or Quantity of rhe Angle which that Line 
niakes With the Meridian, 


It 
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It would be needleſs to repeat the Manner of 
meaſuring the other Lines and Angles in this Fi- 
gure; but obſerve that when the Inſtrument is fixed 
in the Direction of the Meridian, we frequently ob- 
ſerve the Needle by moving it from the Point at 
360 with a Knife, Cc. then if it ſwings backward 
and forward freely, without jogging or ſtopping; 
and ſettles again to 360 exactly, we may conclude 
the Inſtrument is right in the Direction of the Me- 
ridian to make an Obſervation, . 

If you ſuſpect the Needle to be acted upon by 
ſome hidden magnetic Power, as when you are ſur- 
veying in mountainous Lands, where there may 
poſſibly be Iron Mines in the Earth; which will at= 
tract the Needle, you may obſerve whether or no 
it be drawn aſide in the following Manner. 

As when the Inſtrument was planted at e, the 
North End of the Needle pointing to 360 in. the 
Box; after the Bearing of e d was noted, direct the 
Teleſcope forwards to f, and note the Angle which 
the Index cuts on the Limb, viz. 200® 500: Then 
the Inſtrument being planted at /, becauſe the Bear- 
ing of ef, obſerved at e, is more than 180?, ſub- 
tract 180 therefrom, and to the Remainder 20a of 
ſet the Index on the Limb: But, if the Bearing of 
ef had been leſs than 180, add 180 thereto, and 
to that Number bring the Index on the Limb. 
Now turn about the whole Inſtrument till the Hair 
cuts the Staff left at e, and then, if the North End 
of the Needle points to 360, as at the laſt Station, 
the Bearing of that Line is truly obſerved: — . 

For, the magnetic Power that attracts the Needle 
being ſuppoſed at a great Diſtance, the Direction on 
ſuch a Piece of Land as is commonly ſurveyed by 
tne Theodolite, will be the ſame : Bat if the at- 
tractive Power be neat the Inſtrument, the Needle 
will incline thereto. 


G 4 The 
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The Bearings, Sc. of the ſeveral Station-Lines 
in this Field are, viz. _ | 


Lines Links Sta, Deg. Min. 
a © 600 a, 207 20 
b, 285 10 
190 OO 


b a 

cb 

d c d, 91 55 
e d 500 ——— e, 125 20 
Fe 

Of 


1600 —— , 20 50 
o, 289 15 


e . 


As eaſy Method of protracting any Obſervations 
made in the Field by the Needle, 


Y the Method here laid down, a Plan of any 
Field may be drawn on the Paper from one 
Meridian only, and all the Angles therein laid down 
by once applying the Protractor to that Meridian, 
and the Help of a parallel Ruler, being very exact 

and expeditious. | | 
Provide a circular Protractor, whoſe Numbers 
increaſe the ſame Way as on the Limb of the\Theo- 
dolite, and a Parallel Ruler of a convenient Length: 
Then draw a Right-Line N. S. Fig. 36. (with a 
black-lead Pencil) for a Meridian, and aſſign a 
Point therein, as at ©, to which Point apply the 
Center of the Protractor, and turn it about till the 
Diameter lies on the Line N. S. with 180 towards 

N. (that Part of the Limb of the Theodolite being 
now kept Northward in the Field. 
The Protractor being held in this Poſition, lay 
the Field-Book before you, and againſt 20% Deg. 
20 Miu. the Bearing of the firſt Line a O, cloſe to 
the 
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the Limb of the Protractor, make a Mark with 
the protracting Pin or Needle, and cloſe to that 
Mark write @ with a black-lead Pencil. 

Hold the Protractor in the ſame Poſition, and 
againſt 285 Deg. 10 Mir. the Bearing of the next 
Line 5 4, make a Mark with the protracting Pin, 
and cloſe to that Mark ſet 5. 

In the ſame Manner, keeping the Diameter of the 
Protractor cloſe to the Meridian as it was at firſt 
laid; make a Prick with the protracting Pin cloſe 
to the Limb of the Protractor, againſt the Bearing 
of each reſpective Line, as noted in the Field-Book, 
and cloſe to each Prick ſet the Letter or Number 
of that Line; fo againſt 190 Deg. the Bearing at c, 
make a Prick and write c; againit 91 Deg. 55 - Min. 
write 4; againſt 125 Deg. 20 Min. write e, Cc. 
Vide Fig. 36. 

Having marked the Bearing of each Line round 
the Protractor, lay it aſide, and apply the Edge of 
your plotting Scale to © at the Center, and a marked 
by the Limb of the Protractor; the Beginning of 
the Nurabers coinciding with ©, and increaſing to- 
wards a; and prick off 6 Chains, the Length of the 
Line © @, and with Ink draw the Line © 2 0. 

Lay the parallel Ruler to the pricked Line 
p O r, ſo that the Edge cuts the central Point 
at © and the Point at &, as marked by the Limb of 
the Protractor; and move it parallel till the Edge 
cuts the Point at a in the Line pa br, and with the 
Point of your Compaſſes draw the occult Line pr 
by the Edge of the parallel Ruler; then becauſe the 
Length of the Line a is 5 Chains, lay the plotting 
Scale to a, and prick off 5 Chains, and draw the 
Line 45. 

When you had drawn the occult Line p 4 } of 
through the Point a, you might ſet @ 5 thereon to- 
wards p as well as towards 7; but if you obſerve 
in what Direction the Letter &, as marked by the 

Limb 
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Limb of the Protractor, ſtands from the central 
Point ©, in the ſame Direction mult the Eine a 5 
be fet from the Station Point a; alſo when the 
Ruler is laid to the Station h, you cannot be at a 
Loſs whether you ſhould draw the Line 6 c upwards 
or downwards, if you obſerve in what Direction the 
Letter c ſtands from the central Point O; therefore 
in the ſame Direction draw þ c from 5. 

Lay the Parallel Ruler to the central Point © and 
the Mark at c, and move it parallel in that Direction, 
till the Edge cuts the Point 6 at the End of the Line 
ab; and by the Edge of the Parallel Ruler draw 
an occult Line, ſetting thereon from þ 10 Chains, 
and draw the Line þ c. 

Again lay the Edge of the Patallel Ruler to the 
Point at the Center © and to the Mark at d, and 
move it up to c, and draw cd. 

In the ſame Manner deal with the other Lines and 
Angles, ſo ſhall the laſt Line F © cut through the 
Point ©, and it's Length be 5 Chains, as noted in 
the Field-Book, which proves the Plot to be truly 
laid down. 

In theſe Obſervations the Station-Lines only are 
inſerted , the Off- ſets from thence to the Bounda- 
ries are omitted, becauſe the Manner of plotting 
them hath been laid down before. 

When the Boundaries of the Field are drawn, 
and the Name thereof entered in the Middle of the 
Pilot, you may with a Piece of Bread rub off the 
Marks that were made with the Pencil round the 
_ Edge of the Protractor and meridian Line, fo will 
the Plot be ready for caſting up. 

But, if ſeveral Felds arc to be plotted together, 
you muſt draw a Line through the firit Station 
yYornt in each, parallel to the Meridian in the firſt 
Plot, from which the Plot cf cach Field may be 
laid down in the ſame Manner as Fig. 36. 


F Obierve, 


# 
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Obſerve, neither the Circle nor Figures, expreſ- 
ſing the Angle which each Line makes with the 
Meridian are uſed in Practice, though inſerted in 
the Scheme to demonſtrate the Nature of the Work. 
Note alſo, if you lay the Edge of the thin plotting 
Scale cloſe to the Edge of the Parallel Ruler, and 
move it forwards on the Paper with the Parallel 
Ruler, till the Edge of the Scale cuts the Point at a, 
and bring the Beginning of the Numbers on the 
Scale to the Point a, you may draw the Line 45 by 
the Edge of the Scale held in that Poſition to 500, 
the Length of the Line, without drawing any other 
but the Station-Line itſelf. Or the ſaid Scale may 
be drawn on the Edge of the Parallel Ruler itſelf. 


* 


SECT. III. 


An Expeditious Method of calculating or caſt- 
ing up the Area of a Plot of Land in Acres, 


&c. 


CCORDING to the Rules before-mentioned, 

in Chap. 2. the whole Plot muſt be reduced 
into Trapezias and Triangles, and the Length of 
each Baſe and Perpendicular meaſured by the Scale 
but ſince it is often neceſſary to lay down the Plot 
by a ſmall one, as + of an Inch or leſs, if you err 
8 or 10 Links in taking off the Length of the Baſes 
and Perpendiculars (which may eaſily happen, if the 
Lines be not drawn very neat and ſmall) and there 
being ſeveral ſuch Baſes and Perpendiculars, the 
Error may be conſiderable in the whole Plot; and 
then alſo the Baſe and Perpendicular of each of 
theſe Triangles muſt be multiplied together ſeve- 


rally, and their Products added together for the 
hole Content. 


Whereas 
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Whereas by this Method the whole Plot (let it 
confiſt of many Sides or few) is caſt up by applying 
the Scale but to one Baſe and one Perpendicular, 
and conſequently by one Multiplication, and the 
Truth of the Work is demonſtrated by the Lemma, 
Page 15.viz. That Parallelograms (and conſequently 
Triangles) conſtituted upon the ſame Baſe, and between 
the ſame Parallels, are equal. 

Let the four- ſided Figure a b d, Fig. 37. be re- 
duced to a Triangle, ok Area ſhall be equal to 
that of the four-ſided Fi igure 

Firſt extend one of the Sides as cd, then lay the 
parallel Ruler to the Points à and d, and move it 
parallel till the Edge cuts the Point &, then by the 
ſame Edge make a Mark in the extended Line c 4 
at e: Laſtly, lay a ſtrait Ruler to the Points e and 
a, and draw the Line e a, fo ſhall the Area of the 
Triangle @ ce be equal to the Area of the four- 
ſided Figure a b cd. 

For the Triangles 2 de, and a deb, having the 
ſame Baſe a d, and lying between the ſame Parallels, 
are equal; and therefare the Triangles a bodoe 
are equal : Wherefore if the Triangle bo a is left 
out of the four- ſided Figure @ h c d, and the Tri- 
angle do e taken in, and the Areas of theſe two 
Triangles being equal, it follows, that ſuch an equal 
Quantity of Space is left out in one Part of the 
Figure as is taken in on the other, and the Area muſt 
{till be the ſame. 

Again, let Fig. 38. be reduced into a Triangle. 

Firſt extend the Line f 0, and apply the paral- 
lel Ruler to the Points o and 5, and move it pa- 
rallel up to the Point a, and, where the Edge cuts 
the extended Line Fo, make a Mark at g; then lay 
the Ruler to the Point g and c, and move it up to 
b, and make a Mark 1 in the extended Line or Baſe 
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Lay the Ruler to the Points þ and d, and move 
it to c, then make a Prick in the Baſe at 7. 

Lay the Ruler to the Points i and e, and move 
it to 4, and make a Mark in the Baſe at &. - 

Laſtly, draw the Line ke, ſo ſhall this ſeven-Gided 
Figure be reduced to a three-ſided one whoſe Areas 
are equal; ſo may the Triangle F e & be caſt up by 
one Multiplication only. 

But note, inſtead of lay ing the Ruler to the Points 
i and e, if you had laid it to df, and moved it up to 
e, and drawn the Line z d, the Triangle 2 41 
would have contained the ſame Area as fek; aud 
this often is neceſſary to prevent the Sides of the 
reduced Triangle being extended too long, and 
making the Angles thereof too acute. 

Apply the ſame Scale by which the Plot was 
laid down to the Baſe, and meaſure it's Length, alſo 
meaſure the Length of the Perpendicular; multiply 
theſe two Numbers together, the Half of their 
Product will be the Content of the Plot in ſquare 
Links, which reduce into Acres, Sc. as before 
directed. 

Alſo obſerve that we commonly chuſe to extend 

one of the ſhorteſt Sides of the Plot for the Baſe of 
the Triangle, as the Side fo, which we draw with 
a black-lead Pencil, as o E, as well as ke, id; or z d, 
and rub them off again with a Piece of Bread, as 
ſoon as the Content of the Field is entered with it's 
Name in the Middle thereof. 

If in uſing the parallel Ruler at the Firſt Trials 
you find it apt to ſlip on the Paper, which you may 
do if you be not very careful to hold it cloſe down to 
the Surface, that Inconvenience may be prevented, 
if you make Uſe of three ſmall Pins or Needles, thus: 
Stick the three Pins in the three firſt Angles, as at 
04 and 5, then apply one of the inner Edges df · the 
parallel Ruler to the firſt and third o and 3, and 
move the other inner Edges to the ſecond at a; take 

out 
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out the Pin at the ſecond, and put it in the Baſe or 
Line extended where the Ruler cuts it at g; again, 
lay the Ruler to this Pin at g, and to another at the 
fourth Angle at c, and move the Ruler to the fifth 
Angle at d; take out the Pin at d, and ſtick it in 
the Baſe at A; and proceed in this Manner with the 
reſt till the Plot is reduced, 


. 


Shewting how to reduce the irregular Boundaries 


of a Field to ſtrait Lines, in order to find the 
Area thereof. 


ET abcaefghik, Fig. 39. repreſent the 
Boundaries of a Field, whole Content is deſired. 


Firſt, produce ſome oneof the longeſt Sides, as i &, 
then lay the Parallel Ruler from the- Angle i to g. 
the next but one, and move it up to the Point , 
and where it cuts the Line produced make a Mark 
at 7, and draw the ſtrait Line rg, and it will reduce 
that Side of the Figure bounded by the two Lines 
i h and bg, to another bounded by rg one J ine 
only. 

In like Manner r g being produced, and the Pa- 
rallel Ruler laid from g to e, and moved up to the 
Angle f, the Edge cuts the extended Line rg at y 
2dly, lay the Ruler from y to d, and move it up to 
e, and it will cut the extended Line rg at 2; 3dly, 

lay the Ruler from 2 to c, and move it up to 4, 
and where it cuts the extended Line 1g, make a 
Mark at x; laſtly, draw the ſtrait Line yc, fo 
ſhall the Side ge, which conſiſted of the four Lines, 
gf, fe, ed, and de, be reduced to the Side y c 
conliſting of one Line only; and in like Manner 
might we e proceed if the Lines were never ſo many: 
So may the ten- ſided Figure be reduced to a four- 
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ſided one, and then to a Triangle which may be caſt 
up by one Multiplication only. 

This is the ſame Method with that before laid 
doyyn for reducing a many- ſided Figure to a Trian- 
gle ; but if you have not a Parallel Ruler do thus: 

Having produced the Side , lay the Edge of 
a ſtrait Ruler from i to g, then rake with a Pair of 
Compaſſes the Diſtance from þ to the Edge of the 
Ruler, and with this Diſtance let one Point of the 
Compaſſes move gently cloſe to the Ruler, while 
the other traces out a Line parallel to it, and croſſes 
ki at r, and draw rp as before. 

In the ſame Manner deal with the other Sides, 
uſing the Compaſſes, as here directed, inſtead of a 
Parallel Ruler. 

Or you may get a Plate of thin Braſs in Form of 
an Arch, near whofe Ends let there be drilled ſmall 
Holes, through which ſtring it with a very fine 
Hair; and then if an Hedge, as gc, Fig. 39. bends 
in and out in ſeyeral Places, and thoſe Bends contain 

very ſmall Spaces, lay the Hair over it lengthways, o 
that the Quantities cuts off from the Figure thereby 
may be equal to thoſe added to it, and with a pro- 
tracting Pin near the Ends of che Hair make two 
Marks, through which draw a ſtrait Line, and fo 
will this Irregular Side be reduced to a regular one : 
And here it may be obſerved, that in very ſmall 
Bends, you may judge by the Eye as near as you 
can come with the Parallel Ruler. 

But, if Hedges conſiſt of large Curvatures, chuſe 
out foch Points, and ſo many of them that Right- 
Lines drawn from Point to Point may vary the Area 
by ſuch Quantities only as may be rejected, and 
herein the Hair will be a ready Aſſiſtance. 
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SEO *. 


The Manner of reducing hy e to bori- 


Zontal Lines. 


HEN we meet with an Hill in Surveying 2 
Piece of Land we can only meaſure the 
hypothenuſal or ſlope Lines thereof, on the Super- 
ficies of the Hill, which are conſiderably longer than 
the Baſe or level Lines on which the Hill is fituated; | 
as the Lines ab, bc, Fig. 40. are longer that ao, oc: 
Therefore when we plot this Hill (becauſe we can- 
not make a, convex Superficies upon a Piece of plain 
Paper) we muſt reduce the hypothenuſal to hori- 
zontal Lines, that all the Lines in the Plot may be 
laid down alike in plano. 

For the Lines of Level only muſt be expreſied i in 

a Plot, that every Field therein may lie in it's true 
Situation; for if ab, and bc, were laid down on 
Paper as meaſured in the Field, they would reach to 
d, and not only thruſt the next Hedge out. of its 
true Poſition, but alſo take up a great Space in the 
next Field, making that too little. 

Note, Before hypothenuſal Lines can be reduced 
into horizontal, the Angle of Elevation or Depreſ- 
ſion mult be taken; ; and for this Purpoſe an Arch 
ſhould be fixed on the Index of the Inſtrument, fo as 
to give the vertical Angies, at the ſame Time the 
Index itſelf ſhews the horizontal ones on the Limb. 

Let Fig. 40. repreſent an Hill ; at the Foot of 
which the Theodolite is planted, which being ſet 
level in order to meaſure the Angle at a, elevate 
the Teleſcope to the Mark at & (which muſt be ſet 
the ſame Diſtance from the Ground as the Teleſcope 
is) and, when the Hair cuts the Mark at h, the Index 
ſhews the hotizontal Angle on the, Limb, and the 

vertical 


/ 
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vertical Arch the Angle of Elevation ba, 25 Deg · 
50 Min. both at the ſame Time; which note in 
. the Field-Book one over- againſt the other. 

The Inſtrument being removed from a, and 
planted level on the Top of the Hill at i, depreſs the 
"Teleſcope to the Mark at c, and the L of Depreſ- 
ſion will be 21 Deg. 34 Min. The Length of as, 
as meaſured up the Hill, by the Chain is 1200 
Links, and &c 1416. 5 

In order therefore to plot theſe Obſervations, firſt, 
draw the right Line a d, but do not ſet the Length 
1200 Links thereon, becauſe the Angle of Elevation 
is noted in the Field-Book againſt the horizontal 
Angles, which ſhew that this Tine 1s to be reduced 
to a Level; therefore lay the Center of the Pro- 
tractor to a, the Diameter coincident with ad, and 
againſt 25 Deg. 30 Min. the Angle of Elevation, 
make a Mark, and through it draw the obſcure 
Line 46, ſetting thereon 1200 Links the Length 
of the Hypothenuſe, at the End of which make a 
' Mark at 5. g 

Having drawn the Angle of Elevation bao, take 
a ſquare Protractor or any other Square that hath 
one right Angle and two ſtrait Edges, and apply 
one Edge thereof to the right ling 2d, whillt the 
other Edge cuts the Point & in the obſcure Line 4, 
and chereby let. fall a Perpendfcular from the Point 
b, which falls on the Line ad at o; ſo ſhall the Line. 
a9 be the true horizontal Line which muſt be laid 
down in the Plot. 
In the ſame Manner reduce the Hypothenuſe 4c, 
by firſt drawing the Angle of Depreſſion doe, 21% 

4, ſetting, the Length of the Hypothenuſe bc 14 
Chains 16 Links on the obſcure Line oe, and where 
that Length 1416 Links reaches from o, make a- 
Mark ate. Laſtly, from e let fall a Perpendicular 
on the Line od, which falls at c; ſo ſhall the Line 
#c be the true horizontal Line. 
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Or elſe having noted the Quantity of the Angles 
of Elevation, and Length of the Hypothenufe in 
the Field-Book, you may find the horizontal Line 
by the Help of the following Table, 


A Table ſhewing hoo many Links to deduf from 
every Chain's Length in the Hypothenuſal- 
Line, 


eg. Min. — Deg. Min. |Link. Deg. Min. |Cinks. | 
4 3] 1 57 629 32 13 
544 1X 2134 7 11_30 | 41 | 14 
6+ -2 x1 23 4 8314715 
8612430 932 5216 
11 29 2 2 0 10 33 54 17 | 
F464 4 3 12515 3 34 | 55 | 18 | 
| 16 | 16 | 4 || 27 8 | 11 || 25 | 54 | £9 þ 
18 12 5 | 2&8 ] 21 | 12 36 | 52 | 20 | 


© Having the Angle of Elevation 25 Deg. 50 Min. 
and the Length of the Hypotheſis 44 12 Chains 
given, thence to find the Length of the horizontal 
Line. 8 
Look in the Table for 25 Dep. 50 Min. and 
againſt it you will find 10 Links, and ſo many muſt 


be dedutted out of every Chain in the Length of 


the Hypothenuſe; then if 1 Chain or 100 Links 
require 10 Links to be deducted from thence, 12 
Chains or 1200 Links require 120 Links to be 
deducted ; therefore ſubtract 120 Links from 1200, 
the Remainder is 1080, the Length of the hori- 
zontal Line 20. . : | 

Again, the Angle of Depreſſion at 5 is 21 Dep. 


7 34 Min. and the Length of the Hypothenuſe or 


flope Line 4c 1416 Links, you will find in the 


Table againſt 21 Deg. 34 Min, 7 Links; then if 100: 


7 :: 1416: 99; therefore ſubtract 99 Links 1 
1476 
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Or elſe having noted the Quantity of the Angles 
of Elevation, and Length of the Hypothenuſe in 
the Field-Book, you may find the horizontal Line 
by the Help of the following Table. 


A Table ſhewing how many Links to deduct from 
every Chain's Length in the Hypothenujal- 
Line, 


| Deg. | Min. Links. Deg. Min. Link. || Drege | Min. cant. 
4349 57 629 3213 
4 x1 :e 
6 23 4 8314716 
8 612430 9325216 
It | 29 2 72 Srzo 1 33 | 54127} 
0:3 +134 2 34 | 55 18 
16 | 16 4 || 27 8 | 11 | 35 | 54 | 19 } 
18 | 12 | 5 || 28 | | 12 | 36 | 52 | 20 | 


Having the Angle of Elevation 25 Deg. 30 Min. 
and the Length of the Hypotheſis a4 12 Chains 
given, thence to find the Length of the horizontal 
Line. 

Look in the Table for 25 Dep. 50 Min. and 
againſt it you will find 10 Links, and ſo many muſt 
be deducted out of every Chain in the Length of 
the Hypothenuſe; then if 1 Chain or 100 Links 
require 10 Links to be deducted from thence, 12 
Chains or 1200 Links require 120 Links to be 
deducted ; therefore ſubtract 120 Links from 1200, 
the Remainder 18 1080, the Length of the hori- 
zontal Line 20. 

Again, the Angle of Depreſſion at 5 is 21 Ba: 
34 Min. and the Length of the Hypothenuſe 
lope Line c 1416 Links, you will find in the 
Table againlt 21 Deg. 34 Min. 7 Links; then if 1o0o: 
* : 1416: 99 z therefore ſubtra& 99 Links out 5 
141 
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1416 the Length of the ſlope Line, the Remainder 
is 1317 Links, the Length of the level Line oc. 
But if you cannot find the given Angle of Elevation 
in the Table, make Ule of that which approaches 
neareſt thereto; and note, Surveyors in Practice 
ſeldom take notice of a gradual Aſcent if it does 
not make an Angle of 5 or 6 Degrees, or there- 
abouts; the Difference between the ſlope and level 
Line being then inconſiderable, except in ſome 
extraordinary Caſe, and then it is ſafeſt to make Uſe 
of the firſt Method here laid down, becauſe the 
Table is too ſhort : but if you have a correct Table 
of Sines and Logarithms, you may make Uſe 
thereof, 

If you are working with the Chain, and would 
find the horizontal Line of an Hill, you may carry 
a ſmall Quadrant in your Pocket, with which mta- 
ſure the Angle of Altitude, and note it in the Fied- 
Book againſt the horizontal Angle obſerved at that 
Station (but let the Mark be fer the ſame Diſtance 
from the Ground with your Eye when you obſerve 
the Angle of Altitude) and proceed to reduce the 
Line as aforeſaid. 

Alſo you may obſerve an Angle of Altitude if you 
have only the Plain Table in the Field, by turning 
it down into the Notch of the Ball and Socket, 
making it ſtand perpendicular by applying the 
String and Plummer thereto, and then the Index 
and Sights, ſcrewed to the Center of the Table, may 
indifferently ſerve the Turn; but a Quadrant is 
better. 

Remember to ſhade over that Part of your Plot 
where the Lines are thus reduced with the Repre- 
ſentation of Hills, leſt another Perſon ſhould mea- 
{ure them by the ſame Scale with the other Lines, 
and find them to differ. : 

If a Field hath the Bottom and Top Lines level 
and both Sides riſing alike, it is to be accounted but 
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as a declining Level, and to be meaſured as a level 
Ground in regard of the Quantity of Superficies, 
though the Side Lines mult be reduced, to make 
a regular Plot in reſpect of the adjacent Fields that 
are level: But if a Piece of Ground be level at one 
End, and both Sides, and an Hill riſing up along 
the Middle, or it there be ſeveral Hills in the Mid- 
dle, the Superficies thereof will be more than in 
a Plain bounded by the ſame Limits. | 

Now Surveyors differ in their Opinions in reſpect 
ef caſting up the Content of ſuch a Field; ſome 
argue on the Tenant's Behalf, that ſince all Vege- 
tables ſtand in a perpendicular Direction on che 
Earth (that is, grow ſtrait upwards) as much will 
grow on the horizontal Line as on the Hypothenuſe, 
and therefore the Lines ought to be all reduced to 
to a Level, and the Content to be deduced from 
the Plot fo laid down. 

Others ſay, that there ought to be Marks placed 
on the Top of the moſt remarkable Hills, and the 
Chain drawn over Hill and Dale, and the ſlope 
Lines laid on the Paper of the ſame Length as mea- 
{ured in the Field, and the true Content in Acres, 
Sc. deduced from thence ; although the Slopes be 
reduced afterwards, that the Field may be laid in. 
u's true Situation in reſpect of comers adjacent in 
the fair Plot. I 

It is hard to determine which Way is to be prac- 
wed in all Caſes; for, though. by the laſt Method 
you. will have the true Quantity of Superficies more 
nearly given, yet the Allowance in the firſt is often 
but reaſonable, if the Soil of the Hills is not fo 
profitable as if the whole Field was ſituated on a 
Plain; but the Reader may uſe which he ſhall 
think moſt proper. 
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Sbewing how to ſurvey and make a 
Perfect Draught of ſeveral Pieces of 
Land lying together as a Manor, &c. 
Alſo how to compare the Bearings 
and Angles one with another, at each 
Station, as obſerved by the Theodolite, 
in order to correct any Error that 
may ariſe in meaſuring the Angles in 
zhe Field, as well as protractinęg them 
on Paper. 
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THY AVING in the former Chapters laid 
BD down the beſt and moſt practical Me- 
28 thods for meaſuring any Piece of Land 
S by the moſt proper Inſtruments, I ſhall 
here ſubjoin the Manner of. ſurveying ſeveral 
Parcels lying together; an Example of which 
may be taken from the ſmall Tenement or Farm, 
Fig. 41. 4 
Firſt, I take a View of the. Land, confidering at 
which Part thereof it will be moſt convenient to be- 
gin, and proceed with the Work; and becauſe it is 
beſt working in a Lane, as often as an Opportunity 
ITS f H 3 preſents 
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preſents, therefore I ſet up the Theodolite at © 1 
in Charlton Field. 

Then I enter in the Field-Book the Title.of the 
Survey, and in the middle Column © 1, and then 
ſend a Station-Staff torwards in the Lane, as far 
as I can ſee diſtinctly (the farther the better) as to 
© 2: and when the Station-Lines are within the 
Field, I ſend the Staff to the next eminent Bend in 
the Hedge, or even to the farther End thereof, if 
the Line from the Inſtrument to the Staff be not at 
too great a Diſtance from the Hedge, ſo as to cauſe 
 Off-{ets greater than a Chain, or a Chain and half, 
or thereabouts ; for Off-ſets taken too long are not 
ſo eaſily laid off at right Angles from the Station- 
Line; I direct the Teleſcope to the Staff at © 2, 
and note the Degrees in the Box cut by the North 
End of the Needle, viz. 356 Deg. 10 Min. which 

I enter in the Field-Book, for the Bearing of this 
firſt Station-Line. 5 

Then I ſet up a Staff in the Hole over which the 
Center of the Inſtrument was placed, to which Staff 
J direct one of my Aſliſtants to apply the Ring at 
one End of the Chain, whilſt the other Aſſiſtant 
ſtretches it out in a right Line towards © 2; letting 
it lie on the Ground in that Direction, till the Oc- 
currences in this Chain's Length are entered in the 
Field-Book, viz. I meaſure the Diſtances of the 
Chain from the Boundaries of each Field, which I 
enter in the Column of Off-ſets ; that on the right 
Hand of the Chain in the right Hand Column, and 
that on the Left in the left Hand Column. If the 
Land 1s Part of that which I am about to ſurvey, 
J write in one of the outſide Columns by what Name 
It is called; but if it. belongs to a Stranger, I writs 
the Name of the Owner thereof, and in all Caſes 
expreſs to which Land the Hedge belongs. 

So, at the Length of 20 Links from © 1, I lay the 
Off- ſet Staff at right Angles with the Chain, and 

maeaſure 
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meaſure the Diſtance from thence to the Corner of 

Turfy-Leaſe, which I find to be 15 Links; therefore 

in the middle Column repreſenting the Station Line 

I write 20, and againſt it in the right Hand Column 

of Off- ſets I enter 15 : Likewiſe when I come to 40 

Links in the Chain-Line I am againſt the Corner of 

Cow-Paſture; therefore I lay the Off. ſet Staff to the 
Chain, and meaſure the Diſtance from thence to the 
Corner of Cow-Paſture 80 Links, which I enter in 
the left Hand Column of Ofi-ſers againſt 40 in the 

middle Column ; denoting, ' that, at the Length of 

40 Links from © 1, the Off- ſct 80 Links reached 
the Corner of Cow-Paſture on the left Side of the 
Station Line. 

The Hedges on each Side the Lane running on 
very nearly {trait from theſe Corners, I take no 
more Ofi-{ets in this firſt Chain's Length, nor at the 
ſecond : But when I have laid the Chain a third 
Time, and come againſt 80 Links, I there take an 
Off-ſet on the left Hand of the Chain-Line, becauſe 
the Hedge varies it's Direction, making a conſidera- 
ble Bend; for, though the Diſtance from the Chain 
to the Hedge continually varies from the Corner to 
this Place, yet I only take Off. ſets at each End, 
omitting the intermediate Parts; ſince, when the 
Extremes of a right Line are given, that right Line 
is alſo given. But when the Hedge runs on with 
a contiuued, but irregular Curvature, then I take 
Oft: ſets at every Chain, or half Chain's Length, or 
oftener, as the Thing requires. 

In this Manner I proceed with the Chain till I 
come to the Staff at © 2 ; obſerving, as I go along 
the Bends in the Fences on cach Side of the Lane, 

to every one of which 1 take an Off-ſet, and then 

write the Length of each on the right or left Side 
of the middle Column ia the Field-Book, repre- 
ſenting the Station-Line, according as they were 


laid off in the Field. 
H 4 | Note, 
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Note, the Mark O in the Field-Book denotes a 
Station; B a Bearing; L an Angle; cu. the cuttin 
of an Hedge by the Chain; ag ſome remarkable 
Object on the fartheſt Side of the Hedge, as another 
Fence ſhooting up thereto ; ret. Return to a former 
Station, Tc. 

Being come to O2, I there plant the Inſtrument, 
and ſend the Station-Staff forwards in the Lane as 
far as I can ſee it, as to O 3; and then bring the In- 
dex to 360 on the Limb, and, turning the whole 
Inſtrument about, I direct the Teleſcope to the Staff 


left at © 1, and there fix the Inſtrument. Then 


having turned about the Index on the Limb, till 
through the Teleſcope I ſee the Staff at © 3, I find 
that the North End of the Needle points at 3 38 
Deg. and the Index cuts on the Limb 161 Deg. 5 
Min. therefore under ©2, in the middle Column 
the Field-Book, I enter 338 Deg. and under that 
161 Deg. 50 Min. denoting that at the ſecond Station 
the Fearing of the third from thence is 338 Deg. 
and the Angle which the Index cuts on the Limb 
is 161 Deg. 50 Min. 


The Rule 1 oblerve in meaſuring each Angle i 18 
this: 

Firſt, I bring the Index to 360, and with that Part 
of the Limb towards me, I diref the Teleſcope to a 
Mart at the laſt Station, and there fix the Inſtrument; 
then I turn about the Index on the Limb till I ſee the 
Hair in the Teleſcope cut a Mark at the next Station 
before me; ſo ſhall the Needle ſhew the Bearing of the 
next Line, and the Index on the Limb ſhews the Quan- 
tity of the Angle at the preſent Station. 

The Angles and Bearings of the Lines are taken 
at once ſerting the Index, as cafily and expedi- 
tiouſly as the Angle itſelf only; therefore inſert 

the Bearing of each Line in the Field-Book, .as you 
lee in the Form thereof; for then you may prove the 


Truth 
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Truth of your Work in the Field at each Station 
before you leave it, by one of the following Rules: 

/ to the preſent Bearing be added 180 Degrees, 
and from ihe ſum you ſubtra#t the laſt Bearing, then 
the Remainder will be the preſent Angle. 
Or, if to the preſent Angle you add the laſt Bearing, 
and from the Sum ſubtract 180, then will the Re- 
mainder be the preſent Bearing. = 

But, if the Degrees to be ſubtrafled are more than 
thoſe from which they are to be ſubtratied, the latter 
muſt be encreaſed by 360, and then ſubtratt. And, if 
the Remainder be more than 360, then abate 360, and 
the Reſult gives the Degrees required... 

So at © 2, iſ to the preſent Bearing $38*, oo“ 
you add 180?, the Sum is 53185 oo; from which 
Sum, if you ſubtract the laſt Bearing at © 1, 356*® 
10', the Remainder is 161* 50”, equal to the pre- 
ſent Angle. 

Likewiſe, if to the Bearing at © 3, 1* 30, 7 
add 180 Degrees, the Sum is 1815 30% which is 
leſs than 3387 00”, the Bearing of the laſt Station; 
therefore 181* 30“ mult be increaſed by 360, and 
then the Sum is 541* 50”, from which if you ſub- 
ſcribe 338, the Bearing of the laſt Station, the 
Remainder will be 203* 3o/, equal to the preſent 
Angle. 

In like Manner may any other Angles be examig- 
ed, and, if found erroneous, the Error may be cor- 
rected, before it is communicated to the fallowing 
Part of the Work. : 5 

Therefore when you have noted the Bearing of 
the preſent Station, write it in one of the outſide 
Columns of the Field-Book, and adding 180 there- 
to, ſubtract the Bearing at the laſt Station there- 
from; and then, if the Angle thus calculated from 
the Bearings agrees with that which the Index 
cuts on the Limb, you may conclude the Angle is 

rightly 
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rightly obſerved, and therefore may be entered in 
the Field-Book. 

But obſerve, though the Numbers thus compared 
will be very nearly alike, yet lometimes they may 
differ ſome few Minutes, becauſe the Diviſions in 
the Box being ſo much - ſmaller than thoſe on the 
Limb, the Degrees and Minutes cannot be eſtimated 
alike in both; but yet you will be ſurealways to 
correct and avoid any groſs Error before you pro- 
ceed with the following Work; and to this End 
the before-mentioned Rules are of excellent Uſe. 

Theſe Directions I ſhall not repeat, though I make 
Uſe of them throughout the whole Work, unleſs 
any Thing new occurs in meaſuring of the other 
Lines and Angles, referring the Reader rather to 
the Field-Book and Plan of the Work, than tiring 
him with Repetitions. 

Nate, the chief if not the ſale Uſe of taking the 
Bearings here by the Needle, is for the Sake of pro- 
tracting from the Meridian: And becauſe the Nee- 
dle is ſubject to err a little, therefore whenever the 
Bearings and the Angle, after they have been calcu- 
Jated one from the other, ( according to the preceding 
Rules) are found to differ, if this Difference docs 
not exceed a Degree or thereabouts, the Bearings 
muſt be corrected from the Angle; for in taking 
the L there can be no ſenſible Error, if the Cautions 
given in Page 58 be duly obſerved. But if the 
above- mentioned Difference be conſiderable, and 
the Needle be not very faulty, you may conclude 
that {ſome Miſtake hath been committed, which 
mult be inquired into before you proceed any 
farther. 

From © 2 I proceed with the Chain towards 
O3; but at 20 Links in the firſt Length from 
© 2, I am againſt the Hedge that parts Home Cloſe 
from Turfy-Leaſe; therefore I take an Off. ſet thereto 
perpendicular from the Chain Line, and enter n 
tne 
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the Field-Book 4g 17 Links, and this will here- 
after be of Ule in cloſing the Plot. 

Being come to © 3, [ there obſerve and prove the 
Bearing and Angle at that Station, and then pro- 
ceed with the Chain towards © 4; but firſt, at o or 
the preſent Station, I meaſure an Off ſet to the Right 
10 Links, and to the Left 20 Links; at 41 in the 
Chain-Line, I am againſt the Orcherd-Hedpe, at 204 
the Orchard-Pales ; "at 261, I am againſt the Gate 
that leads into the Zard, and alſo againſt another 
that goes into Cow-Paſture ; therefore to each of 
theſe Remarks I meaſure an Off-ſert from the Chain- 
Line, and enter them into the Field-Book. 

In going from © 4 to O 5, the Chain touches 
the Brow of the Ditch at 2 Chains 20 Links from 
the laſt Station; therefore againſt 220 in the Field- 
Book I write , denoting that there was o, or no 
Diſtance from the Chain to the Ditch. By the Brow 
of the Ditch is meant the determined Diſtance of 5 

Links from the Stem of the Hedge. 

Being come to © 6, | ſend a Staff to the far- 
ther Side of the Field called the Stochin, and if I 
cannot ſee the Mark through the Hedge, I cauſe the 
Boughs to be removed or held back till 1 can plainly 
ſee the Mark; but if that cannot be done, I make 
my Station a little on this Side, or elſe beyond ſuch 
a thick Place till I can plainly ſee the Mark, and 
draw the Chain through the Hedge in a ſtrait Line, 
and where it cuts the Hedge I write cut, as here it 
does at 10 Links; hut, if the Fence is a Wall, I 
allow for the Thickneſs thereof, and always meaſure 
the neareſt Diſtance between Station and Station that 
can poſſibly be. 

Being come to © 9 in the Stockin, I cauſe a Staff 
to be ſer up in the very Corner of the Field next the 
Lane where the Boundaries meet, to which I meaſure 
from © 9; ſo ſhall the End of this Line coincide 
with the Off. ſet which I took to this Corner from the 
Station- 
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Station- Line in the Lane, which will be a Proof 
that the Work is truly laid down, when I come to 
. protraCt it. 

It upon a Piece of Paper with the Pen only you 
make an Eye-draught or the Lane, and that Field 
which you have fniſhed, ſetting your Station-Lines 
with their Numbers, as you made them in the 
Field; you will plainly fee your Work as you go 
along, and be able to diſtinguiſh which Boundaries 
of the preſent Field are already meaſured in the pre- 
cedent, as well a. be directed, with a great deal of 
Eaſe, how to proceed with your Work when you 
come to protract it. a 

Having made all the neceſſary Obſervations round 
the Szockin, I return to © 9; and with 360 on the 
Limb towards me, I direct the Teleſcope to a Mark 
at the laſt Station before I came to this, vg. © 8, 
and fixing the Inſtrument there, I next direct the 
Teleſcope to © 10, and note the Angle and Bearing 
at that Station: Ihen I lay the Chain through the 
Hedge from © towards © 10, arid take an Off-ſet 
to the Fence where each Partition-Line joins it on the 
other Side; by the Help of which, together with 
the other Of {ers on the further Side i in the Lane, 
moſt of the inward Fences of the Orchard, Garden, 
&c. may be drawn. 

From © 10 I cannot fee into the very Corner next 
the Lane, therefore I take an Off. ſet thereto 20 
Links from the Station-Line, and ſo ate the Out- 
Lines of the Garden, Yard, &c. finiſhed. 

Then I return to © 8 in the $Szockin; and here it 
may be obſerved, that when J deſign to return to 
an of ag befoos | leave it, I cut up a Tuff with 
a little Paddle, whick I fix in one Endof the Off. fet- 

Staff, or make ſome ſuch Remark that I may be 
ſure readily to find the Place in which the Station- 
Staff before ſtood; and in the Field-Book to this 
Mark O write return. Then planting the Inſtru- 

ment 


Sect. 1. The Practical Surveyor, 109 
ment at © 1, I direct the Teleſcope to the Mark 
left at © 7. 

Note, I make it a general Rule, to obſerve the 
Angle with that Line which was meaſured imme- 
diately before I come to the Station where I took the 
Angle the firſt Time: So here I obſerve the Angle 
made with © 7, © 8; and not with any other, as 
© 8, © q; therefore according to this conſtant Rule 
I direct the Teleſcope back to © 7 in the Stockin; 
and, fixing the Inſtrument there, I next direct the 
Teleſcope to © 11 in 7792 Cloſe, and note the 
Angle, Cc. as in the Ficld-Book. 

After J have meaſured the Angle, Sc. at © 11, 
and am going forwards towards © 12; at 76 Links 
of the Chain I perceive myſelf over-againſt the Fence 
that parts Oul Wood from Crabtree-C loſe : I there- 
fore aſk the Follower of the Chain, how many Ar- 
rows he hath in his Hand, he anſwers 4 ; therefore 
L enter in the middle Column of the Field-Book 
476; and againſt that on the left I write 61, the 
Length of che Off-ſer; denoting, that at the Length 
of 4 Chains 76 Links from © 11, I laid off an Off- 
ſet to the Left, 61 Links Then I proceed to ob- 
ſerve and enter in the Field-Book the reſt of the 
Occurrences round Home-Cloſe, cloſing it at the End 
of the Line from O 12, next the Lane. 

Then I return to © 12, and proceed to © 12, 
cloſing Twrfy-Leaſe at the Corner; to which I took 
the firſt Off-ſet from © 1, in Charlton-Field. BIG: 


In che ſame Manner I proceed round Crabtree- | 


Cloſe, entering the ſeveral Occurrences as you find 
them in the Field-Book. 

' Beingat © 17, I cauſe a Staff to be ſet up cloſe 
to the Fence where the Hedges join one another near 
© 7; to which Staff I meature ſtrait from © 17, 
cloſing Out- M vod at the Extremity of the Station- 
Line, which coincides with the Off. ſet laid off from 
© 7, 10 1 the Stockim © 


Having 
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Having finiſhed all the Fields on this Side the 
Lane, I return to 6; obſerving this general Rule, 
never to make a Tour greater than Neceſſity re- 
quires, but always to cloſe each Field as ſoon as 
poſſible : So inſtead of going up the Lane from © 2, 
if I had turned off into Twrfy-Leaſe, and cloſed firſt 
Turſy-Leaſe, and then Crabtree-Cloſe, &c. the Work 
had been done as well. 

Being at © 6, I cauſe a Staff to be ſet up in a con- 
venient Place, on the farther Side of Garrot-Field, 
as at © 18, laying the Chain through the Hedge, 
from © 6, towards © 18; and becaule the Hedge 
belongs to the next Field, I write Hedge to Will. 
Green; the Owner of the adjacent Land. 

After I have obſerved the Angle at © 18, I direct 
the Teleſcope to a Staff ſet up by t the River Side, 
and note the Degrees which the Index cuts on the 
Limb, viz. 131* 107% and then meaſure from © 18, 
to that Staff, 300 Links, taking Off: ſets on each 
Side the Line to the Brink of the River, as you ſee 
in the Figure thereof; and this will be found very 
uſeful in all Manner of Practice, where the Boun- 
daries are very irregular, that as much Work may 
be performed at once ſetting down the Inſtrument 
as poſſible. 

Froin © 18, I proceed with the C hain to © 19, 
and from thence I meaſure along the Hedge-Side that 
reaches from the Rzver to the Lane; and when I 
come againſt the Hedge that parts Magg- Meadow 
from Cow. Paſture, I write ag 50 Links, being ſo far 
diſtant from the Chain-Line and becauſe the Hedge 

from this Place belonged to Garrot- Field, I entered 
it ſo in the F ;eld-Book, but now it belongs to Cow- 
Paſture ; therefore I write Hedge to Cow-Paſture. 

Then returning to © 19, I direct the Teleſcope 
firſt ro © 18, and | then to © 20, and I find © 19 to 
be in a ſtrait Line with © 18 and © 20; theretore 
J enter in the F ield-Book 180, or Station-Line mw 

tinu 
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tinued; then I proceed to obſerve and enter down 
the ſeveral Occurrences at © 20, © 21, and © 22, 
round Magg- Meadow, and then return to © 21. 

From © 21, I go to © 23 in Cow-Paſture, cloſing 
it on the Corner, near © 1 in Charlton- Field; and 
fo is the Whole finiſhed, as far as relates to the Field- 
Work. 


If there be ſeveral Pieces of Land belonging to the 
ſame Manor, Cc. you are now ſurveying, that lie 
diſperſed in ſeveral Furlongs in common Fields ad- 
Jacent to the fame Manor, you may from one of 
your Stations on the Outſide of the Plot take the 
Bearings to each Piece, by cauſing a Mark to be ſet 
up thereon, and meaſuring the Diſtance from that 
Station to each Mark: So may each Piece be plotted 
in it's true Form, and laid in the ſame Situation in 
the Plot as on the Land itſelf: And in your Table 
of References or Terrier, you may inſert the Name 
of the Furlong where each Piece lies, with the Name 
of other Perſons Land that lies round it, as a Di- 


rection to the Steward, or other Perſon, to find each 
Piece, 


, 


Ol ſecvations 
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Obſervations ond Dimenflons of Land lying in the Pariſh 
W, in the County of I., Part of the 
Eftate af — 3 of March, 1724. 
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| Magg-Meadow cloſes on the Corner of the Heded 
next Garrot-Field. 
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2 2 
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12 
| B O 21 vet. | 
143* 35 
— | 172 25 
ſ 22 mn. ; 
Into Cow-Paſture. | 
93 6 | | 
2 244 60 Corner to River. 
r Js 23 in Cou-Paſture. | 
B go? 50 | 
L | 129 05 | | 
205 55 Hedge to Coro Paffure. 
| 245 60 
302 62 | 
428 24 | 
| 560 20 
680 38 | 
| 755 58 | 
842 45 Cloſe here. 
| | | 936 | | 
Cow-Paſture cloſes on Corner next Charlton-Field. | 
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8 E C T. fl. 


The Manner of Protracting the Oger dation 
contained in the precede 8 Field- Book. 


HE Protractor for this Purpoſe 1 is beſt made 

a whole Circle, and marked on the Limb 
where the Numbers begin with V. or a Flower-de- 
Luce; for then may that Part of the Protractor be 
kept always one Way as, the Inſtrument in the 
Field; and therefore you will be leſs liable to mil. 
take than if you uſe a Semicircle, which mult be 
laid upwards or downwards, as the Degrees of the 
Bearing are more or leſs than 180: The Diameter 
of this Protractor may be laid parallel to the Men- 
dians, by the Help of equal Diviſions graved on the 
inner Edge thereof, or by the Degrees on the out- 
ward Edge. | 

Being provided with a Sheet of ſtrong Cartridge- 
Paper, or (if that is not large enough) a Skin of 
Parchment; or which 1 reckon better (eſpecially for 
the fair Plot) if one Sheet of Paper be nor big 
enough, to have ſeveral Sheets paſted on Cloth or 
Canvas; well ſtretched and dried in a Frame before 
you uſe it; and this you may have of any Size, as 
the Largeneſs of the Work to be laid down requires. 

Or a Practitioner may have Sheets of large Paper 
printed from a Copper- plate, with Fne Meridian 
Lines drawn thereon at exact Diſtances; and theſe 
will be very neat and true, and will fave much 
Trouble in drawing Meridian Lines by a Parallel 
Ruler, or otherwiſe, 

If you have not a Parallel Ruler, you may draw 
Lines parallel to one another, by ſerting one Foot of 
a Pair of Compaſſes at or near the End of your given 
right Line, and with the other deſcribe the Arch of 


A Circle; 30 the ſame at the ether End of the Line, 
| and 
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and- through the utmoſt Convex of theſe two Arches 
you' may draw a Line parallel to the firſt. | 

Or it you bend the Paper double, ſo that the two, 
Ends coincide, and prick Holes through them 
both, then the Paper being opened, I. ines drawn 
through the correipondent Points will be parallel 
one to the other. 

Having drawn parallel right Lines at convenient 
Diſtances throughout the Paper marked with N. S. 
repreſenting Meridian, or North and South Lines, 
I chuſe out ſome Place i in one of theſe Lines to re- 
preſent the firſt Station, as at O I, Fig. 41, and 
lay the Center of the Protractor on the Point © 1, 
the Diamcter being parallel to the Meridian Line, 
and the Beginning of the Degrees of the Protractor 
towards N. or upwards: And becauſe the Bearing 
of the firſt Station-Line is 356 10%, I make a Mark 
with my Protracting Pin againtt that Number cloſe 
to the Limb of the Protractor ; to which Mark I 
draw an obſcure Line from © 1, repreſenting the 
Chain Line from © 1 to © 2. 

Then the Field-Book being open before me, I 
lay the Edge of my Plotting-Scale to this obicure 
Line © 1 and © 2; and becauſe ] find in the Field- 
Book that the Off- ſets from this Line were laid off 
at 20, 40, 280, 300, and 363; therefore making the 
Beginning of the Nambore on the Plotting-Scale to 
coincide with © 1, I make a Prick againſt each of 
theſe Numbers cloſe to the Edge of the ſaid Scale; 
then turning the Scale perpendicular to the Line, I 
apply it ſucceſſively to thoſe ſeveral Points, and 
there prick off the Length of the ſeveral Off-ſets on 
the rlpective Sides of the obſcure Line; fo againſt 
the frit Mark in the obſcure Line, I prick off 15 
Links to the Right, which gives the Corner of 

Turſy-Leaſe: \lio againſt the ſecond Prick in the 
obicurc Live, I prick off 80 Links to the Left, which 
gives the en of Cow-Pajinre : ; at. 280, or the 

third 
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third Mark in the obſcure Line, I prick off 10 to 
the Left; at 300, 20 to the Right; and at the End 
of the Line 563 I prick off 18 Links to the Left; 
laſtly, I draw Lines with Ink from Point to Point 
on the Outſides of this obſcure Line, thereby con- 
ſtituting the Boundaries of the Lane ſo far. 

At the firſt and ſecond Diſtances, I was againſt 
the Corners of Turfy-Leafe and Cow- Paſture ;, there- 
fore, with a Black-lead Pencil I draw two ſhort 
Lines, cutting the Lane, to denote that the South 
Fences come up to the Lane at thoſe Corners, and 
will hereafter be of Uſe in cloſing theſe Plots. 

Having thus finiſhed my firſt Length, I produce 
the obſcure Line, if Occaſion requires, both Ways, 
eill itis as long each Way as the Radius of the Pro- 
tractor; then I place the Center of the. Protractor 
on the Point © 2, and turn it about thereon, keep- 
ing the Beginning of the Degrees towards © 1, the 
laſt Station, till the Diameter coincides with the 
Station Lines © 1, © 2; then cloſe to the Edge of 
the Protractor, right againſt 161* 50” the Degrees 
of the preſent Angle, I make a Mark with my Pro- 
tracting-Pin; and to that Mark from © 2 draw an 
obſcure Line, repreſenting the Station-Line, from 
© 2t0 © 3. | 

And that I may be ſure the Line O2, O3, » 
drawn in it's true Poſition, I turn about the Pro- 
tractor, the Center ſtill coinciding with © 2, till the 
Diameter be parallel with the Meridians ; the Be- 
ginning of the Numbers of the Protractor being 
towards N. on the Meridian Line, and then will 
the Line © 2, © 2, before drawn, meet the Limb of 
the Protractor againſt 338 oo, the Bearing of the 
Line © 2, © 3, which proves the Line O 2, © 3» 
to be truly laid down. 

And thus may the Plot be laid down by the An- 
gles, and examined by the Bearings. 


The 


| 
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The conſtant Rule I obſerve in drawing the An- 
gle is this: To lay the Diameter of the Protractor 
on that Line which brought me to the preſent Sta- 
tion, where the Angle about to be laid down was 
taken; and to keep the Beginning of the Numbers. 
on the Protractor towards the laſt Station, And, 
in order to prove that each Angle is truly laid 
down, I turn about the Center of the Protractor on 
the Point, repreſenting the preſent Station, till the 
Diameter be parallel to the Meridians, with the 
Beginning of the Numbers towards N. on the 
Meridian Line; then will the Line laſt drawn, cut 
the Number exprefling it's Bearing on the Limb of 
the Protractor, if that Line be drawn in it's true 
Poſition. 

But there will be no Need of this double Trouble 
in protracting, if the Bearings be carefully examin- 
ed, and corrected from the Angles, according to 
che Directions given in the laſt Section; z 1t will be 
beſt then to lay down the Angles on the Plot from 
the Bearings in the F ield-Book, without at all re- 
garding the Angle obſerved by the Limb of the 
Theodolite. 

In like Manner, I lay down the Angles taken at 
the 3d, 4th, 5th, 6th,7th, 8th and gth Stations; and 
alſo the Correſponding Lengths and Occurrences : : 
I continue the Boundaries to the ſeveral Off. ſets 
as I go along, drawing a ſhort Line acroſs them 
with a Black-lead Pencil, where the Remarks à g, 
&c. are noted in the Field-Book, and I break off 
the Fences where there are Gates : So at the laſt 
Length, from © 9, when I have drawn that Line in 
it's true Poſition, and made it of it's Juſt Length, as 
noted in the Field-Book, I find it's Extremity to 
coincide with that Point in the Fence, to which I 
laid off an Off-ſet from 388 in the Station-Line © 3, 
© 4, in the Lane, which proves that the Angles and 
Lengths incloſing the Szockn are truly laid > 

ut 
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But if the Extremity of the laſt Line does not 
-coincide. with the Extremity of the laſt Offer laid 
off from the Station-Line © 3, © 4, both denoting 
the North-Weſt Corner of 8 Stockin, the Lines 
and Angles, deſigned to incloſe the ſame Stoctin, 
are not truly laid down, and therefore muſt be cor- 
rected before I proceec. 8 
Next, I lay the Protractor O 9, and berilg laid 
down the Angles © 8, ©9, © 10, I prick off the 
ſeveral Oill-lets, marking them as' the Field-Book 
directs, where the Lines ; of Partition w hin come 
up to the Hedge. mh | 
Having iron the Chain-Link och © to, and 
ſet off the laſt Off-ſet therefrom 20 Links, I find 
the Extremity of that Off-ſet to coincide with the 
Mark I drew croſs the Fence at the ſecond Off-ſet 
from © 3 Which proves the Work to be mo laid 
down. a 
The Out-Lines round the Orchard, Gardew, Yord, 
&c. being drawn, the external Angles! about the 
Buildings may be meaſured with a Bevel; or elle 
with the Chain only (as directed in the Uſe of the 
Chain). which, together with the Remarks on the 
Outſides, will be an eaf Direction for drawing the 
ſeveral Boundaries within thoſe Lines. 
# Having - finiſhed the Ground-Plot about the 
Buildings,” I find the next Station in my Field- 
Book marked O 8. Vet. therefore return to G8 in 
my Draught, and lay down that Angle by the Line 
immediately preceding that Station, viz. O 7; O8, 
and proceed to G 11, laying down the ſeveral 'Oc- 
currences as noted in the, F ield-Book.” _ 
The Rules I obſerve in theſe Caſes are to num- 
ber with Black-Lead all the Stations I have already 
laid down in my Draught, and to exprels thoſe 
Numbers ſucceſſively, one alter another, in a Piece 


of waſte 1 
| if 
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If the Number of the preſent Station doth not 
immediately ſucceed that of the laſt, but is greater 
by an Unit than any of the Numbers in the waſte 
Paper, then ] Jay down the Angle of the preſent 
Station with the Line I meaſured immediately before 
I came to it, and number it as in the Field-Book. 

Bur, if the Number of the preſent Station is 
greater than any in the waſte Paper by more than 
an Unit, there hath been ſome Omiſſion in the wake 
Pap er, which muſt be rectified. | 

lt come to a Station, whoſe Number is Ain 
eiter in the waſte! Paper, then I return to that 
Station in my Draught, and there lay down that 
Angle with that Line meafured re before 
came to this Station tlie firſt Time. 
Thus, obſerving theſe Directions, may the Plot 
be laid down without any Burden at all to the Me- 
mory; and, if it was ſurveyed by one Man, it may 
be plotted by another, provided the Perſon who 
ſutveyed it obſerved theſe Rules; and any Method 

of keeping a Field-Book; that Jays a Baindelwon the 
Memory, is imperfect, and not fit for Practice. 

The'remainirig Part of the Work is reſerved for 
the Exerciſe of the Reader: The Plan thereof was 
here laid down by a Scale of + of an Inch. I ſome- 
times lay down the Plot of each Field by a Scale of 
half an Inch or larger; if the Plot will he on one 
Sheer of Paper, and caſt up the Content of each ſe- 
parately by that Scale; and, for this Purpoſe, the 
Sheets, with Meridiane ready printed thereon, are 
very ſerviceable. Afterwards | lay down the whole 
Plan together by a Scale of a Quarter of an Inch or 
iets, entering the Content of each Field, as cait up 
by the large Scale, in a Middle thereof. 


8 E C T. 
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SECT. III. 


Obſervations on meaſuring Land in Common- 
Fields. | 


WEEN ploughed Lands in Common-Fields 
are meaſured by the Chain, it is uſual to 
meaſure the Length down the Ridge of the Land, 
and to take the Breadth at the Top of the Land, 
about the Middle, and at the Bottom; and adding 
theſe three Numbers together to take the third Part 
of the Sum for the mean Breadth : but it is not ad- 
viſeable to take the Breadtli very near the Lands 


Ends, becauſe the Turning of the Plough generally 


makes it conſiderably narrower or wider; and, if 


in meaſuring down the Land you find the Breadth 


is not nearly equal, it is beſt. to meaſure croſs the 
Land oftener, as at every 3 or 4 Chains Length, 
and, adding the ſeveral Breadths together, divide 
that Sum by the Number of Breadths, for the 
equated Breadth : And, for this Practice, half the 
four Pole Chain is moſt convenient, remembring 
either to ſet them down as whole Chains, or to make 
them ſo, when you caſt up the Content. 

The ſeveral Furlongs, in common arable Fields 
may be accounted as ſo many particular Incloſures, 
and meaſured after the ſame Manner, by ſetting up 
Marks at the Extremities of the Furlong, and mea- 
ſuring the Angles by the Theodolite, as before di- 
rected ; and, as you pals along the Station-Lines, 
you may from thence take Off-ſets to each Man's 
particular Lands; and againſt that Off-ſet write the 
Name of the Owner or Tenant: And when you plot 
that Furlong, you may, by thoſe Directions in your 
Field-Book (if you will take the Pains, which is 
not a little) expreſs each particular Land in your 

. Draught 
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Draught, with it's Buttings and Boundings (but the 
Buttings and Boundings of Land in Common- 
Fields is neceſſarily expreſſed in all Caſes :] An 
Example of this is needleſs, only it may be added, 
that, in the Survey of a large Common-Field, it is 
ſafer to divide it into Parcels, as ſeparate Fields, 
keeping good Marks at the Stations, than to venture 
the Cloſing of the Plot, by going round it all at 
once, and dividing it into Parcels afterwards. 


e. . 
Of Reducing Plots. 


\HE Plot of a Manor or Lordſhip conſiſting 
of ſeveral hundred Acres lying together, be- 
ing laid down by a Scale of a Quarter of an inch or 
leſs, may yet be larger than is deſired, and there- 
fore muſt be reduced into a leſſer Compaſs. Now 
for the Performance of this Work there are ſeveral 
Inſtruments, as a long Scale made with a Center-hole 
at one third Part thereof; ſo that two third Parts 
may be numbered one Way with equal Parts 
from the Center-hole to the End; and the other 
third Part numbered the other Way with the ſame 
Number of equal Parts, though leſs, according to 
what Proportion you pleaſe: But to pals by this, 
and ſeveral others, I ſhall only give an Inſtance of 
the Parallelogram, which is commonly made of fix 
wooden Rulers joined together, and ſupported by 
Braſs Feet, with Holes in the Rulers tor ſetting the 
Inſtrument to certain Proportions. 

But ſometimes theſe Inſtruments are made of 
Braſs, and ſo as they may. be ſet to any given Pro- 
portion whatever, by the Help of ſliding Centers, 
that are moved along certain Lines calculated 
tor that Purpoſe, and divided on the Sides of the 
Parallelogram ; ſo that a Plot may be reduced 


K with 


130 The Practical Surveyor. Chap. V. 


with the utmoſt Exactneſs according to any given 
Ratio, in reſpect of the former, either in Propor- 
rion, as the Length of the Sides of the foul Plot 
ſhall be to the fair one, or elſe as the Area of the 
one to the Area of the other. By this Inſtrument 
Curves are as well reduced as Right-Lines, which 
by any other Inſtrument 1s exceeding difficult, if 
not impoſſible to be done. 5 

The Parallelogram being fixed upon a very 
ſmooth and even Table, and the foul Plot and fair 
Paper faſtened thereon, one over-againſt the other, 
ſet the Parallelogram to what Proportion you would 
have your reduced Plot be of, in reſpect of the 
former, then bring the Point of the Tracer to one 
of the outmoſt Angles of the foul Plot, and put in 
the Point which is to draw in it's Place, letting it 
reſt on the fair Paper: Then move the Tracer with 
a gentle, equal Motion over all the Lines of the 
foul Plot; fo ſhall the Motion thereof occaſion the 
Drawing- Point to draw upon the clean Paper or 
Parchment the true and exact Figure of the Hear 
Plot, though of another Bigneſs, according to what 
Proportion you fet your Inſtrument; which will 
better appear by ſeeing the Inſtrument once uſed 
than Words can poſſibly explain. 

When you have gone round the Lines that incloſe 
one Field, you may take out the Drawing- Point 

nd bring the Tracer to any other Point on the foul 
Plot; then put the Drawing-Point in it's Place 
again, and proceed on with your Work. 

Note, This Inſtrument is uſeful, not only for this 
Purpole, but allo for Copying any ſmall Print, Sc. 
in Miniature ; but for reduciug great Plots of 
Land it ſhould be made of a larger Size than 1s 
commonly uſed for other Purpoſes. 5 

Schol. The Parallelogram is a pretty contrived 
Inſtrument; but whether for the Purpoſe of a 


Surveyor the Proportional Compaſſes will not do " 
we 
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well or better, muſt be left to the Deciſion of thoſe 
who have experienced both. The Compaſſes con- 
ſiſts of two Legs of equal Lengths, having a ſteel 
Point at each End ; the Center which joins the Legs 
together 1s moveable up and down the Middle, by 
which Contrivance the Inſtrument may be let in any 
given Proportion. When the Center is exactly in 
the Middle the Diſtance betwixt the Points at each 
End will be the ſame, whatever Extent they are 
opened to; if the Center be moved a little higher 
up, the Extent betwixt the upper Points will be 
leſs than that betwixt the lower ones, and that al- 


ways in the ſame Proportion whilſt the Center re- 


mains in the ſame Place. There are uſually Divi- 
ſions cut upon one of the Legs for ſetting the Cen- 
ter according to any given Proportion; but leſt 
theſe Diviſions be , you may correct them 
thus: Let the Proportion aſſigned be as 2 to 1; 
having ſet the Center to the Number 2, open the 
Legs, and by the wideſt End take ſome Number off 
a Scale of equal Parts, ſuppoſe the Scale 20; then 
if the other End will reach to the ſame Number upon 
the Scale 40, the Center is rightly placed, otherwiſe 
it muſt be moved a little as you ſee occaſion. 


0 reduce Plots by this Inſtrument. 

For Example, let it be required to reduee a Plot 
to a Scale of half the Bigneſs. 1. Draw parallel and 
equidiſtant Right-Lines along the Plot to be re- 
duced; this Diſtance may be 1+ Inch or 2 Inches; 
croſs theſe again at Right-Angles with other Lines 
drawn exactly at the ſame 1 then will the 
whole Plot be reduced into Squares all of equal Big- 
neſs. After the ſame Manner reduce the Paper or 
Parchment on which your new Plot is to be drawn 
into Squares, whoſe Sides are exactly half the Length 
of the former. Then the proportional Compaſſes 
being ſet in the ſame Proportion with the Sides =o 

„ the 
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the Squares on the two Plots, you will be able rea- 
dily and expeditiouſly with a little Practice to fe. 
duce one Plot into the other. | 


8 E Cc C 
Dice, for Beoutifoing and auen s 


Plots. ö 


TAV ING reduced Wi Plan of the Lordſhip, 
Manor, Sc. to the intended Bigneſs, it is ne- 
Kfar to draw imaginary Lines, beth vertical and 
horizontal, denoted by Letters at the Top and Bot- 
tom, and alſo on the Sides; to be referred to by the 
Table of References, for the ready finding of any 
Field or Parcel of Land therein contained; ſuch as 
you will find in the new- Maps of London, c. 

The Nerth Part of the Plot'is always ſuppoſed to 
be placed upwards, and the Eaſt to be on the right 
Hand. 

The Repreſentation of Hedges ought to be laid 
down on the ſame Side of the Fences that they are 
in the Land, and to be broke off where there arc 
to be Repreſentations of Gates: OY. 

The Out-borders of the Plot, at | leaſt ſuch as 
border next to the Demeſnes, ought to be filled 
with the adjacent Hedges, and the Tenants or 
Owners Names of the Grounds. uh 

If you deſcribe all Rivers, Highways, Wind- 
mills, large ſingle Trees, Gates, Stiles, Sc. that 
fall within your Plot, it will add to the Beauty 
thereof. 

The Ground - Plot of Buildings ought in all Caſes 
to be expreſſed by the ſame Scale that the reſt of the 
Plot was laid down by, and to be taken Notice of 
in the Table of References; but never go about to 
draw the Repreſentation of an Houſe or Barn = ox 


* 
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Midſt of the Plot, ſo big as will cover an Acre or 
two of Land. 

But if you would expreſs a Gentleman's Seat, or 
Manor-houle, it is beſt done in ſome Corner of the 
Draught, or in a Plan by itſelf, annexed to that of 
the Eſtate to which it belongs. And the Houſe muſt 
be drawn in Perſpective (as 3 will be ſhewed 
hereafter) and if the Gardens, alks, and Avenues 
to the Houſe are expreſſed, it muſt be in the fame 
Manner; and where there are Trees, they muſt be 
ſhadowed on the light Side. 

If you will take the Pains, you may, in one of 
the upper Corners of the Plan, draw the Manſion- 
Houle, Sc. in the other the Lord's Coat of Arms, 
with Mantle, Helm, Creit, and Supporters, or in a 
Compartment, blazoning the Coat in it's true Co- 
lours : In one of the' Corners at the Bottom you 
may deſcribe a Circle with the 32 Points of the Ma- 
riners Compaſs, according to the Situation of the 
Ground, with a Flower-de-Luce at the North Part 
thereof, always allowing for the Variation of the 
Needle: And, in the other Corner, make a Scale 
equal to that by which the Plot was laid down, 

adorning it with Compaſſes, Squares, Ovals, Sc. 

Having wrote the Name and Content of each 
Cloſe about the Middle thereof, you may, about 
the Bounds of each Field or tncloſare, with a ſmall 
Pencil, and ſome tranſparent Colour, neatly go over 
the black Lines; fo ſhall you have a tranſparent 
Stroke or Margin on either Side of your black 
Lines, which, being ſhadowed, will add a great 
Luſtre and Beauty to the Plot. | 

It vou would have your Fields all colourgd, it 
will not be amiſs to pounce over the Paper or Parch- 
ment with ſome Staniſh Grain and burned Allum, 
and a double Quantity of Roſin, finely ſearced and 
lightly pumiſed, to preſerve the Paper from being 

pierced through with the Colours; or wet it over 


K 3 | with 


134 The Practical Surveyor. Chap. V. 


with Allum-Water, which will add to the Luſtre 
of the Colours. 

Then lay on the Colours in Manner following, 
being firſt ground, and bound with Gum- Water 
very thin and bodileſs : Arable tor Corn, you may 
waſh with pale Straw-Colour, made of King's Yel- 
low and White; for Meadows, take Pink 4 Ver- 
digris in a light Green; Paſture, in a deep Green 
of Pink, Azure and Smalts; Ferns, a deep Green; 
as alſo Heaths of Yellow and Indico; Trees, a ſad- 
der Green, of White and Verdigris ; : for Mud- 
Walls and Jays, mix White and Ruſt of Iron, or 
with brown Oaker of Spain; for White Stone, take 
Umber and White; Water or Gloſs may be ſhewn 
with Indico and Azure or Indian Ink; for Seas, a 

n Sky Colour, of Indico, Azure, Snaies, 
hite and Verdigris. 

Having waſhed your Pencil very clean, take a 
ſmall Quantity of the Colour, and on the Inſide of 
the Bounding- Line draw the Colour along, of an 
equal Breadth, as near as you can, broader or nar- 
rower as the Field is in Bigneſs; and, having gone 
round the Field in this Manner, fwill the Pencil in 
fair Water, and ſtrike along the Inſide of the-co- 
loured Line, bringing it down more towards the 
Middle of the Field; and this will ſoften your Co- 
lour, and make it new as if it loſt itſelf by Degrees 
to the very Colour of the Paper : Laſtly, with a 
Pen take ſome of that Colour which ſhadoweth 
the Colour you laid on the Field, and go over 
the black-lead Line only; ſo ſhall your Field be 
finiſhed. 

In this Manner you may make 100 Fields in one 
Plot of divers Colours, obſerving, as near as you 
can, not to colour two Fields adjoining to one ano- 
ther of the ſame Colour; and therefore it, will be 
convement to underſtand what Colours beſt ſet off 
one another; and as ncar as you can, lay the Inclo- 
ſures 
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ſures adjoining to one another, of two ſuch Colours, 
that one Shadow may ſerve both. 

This Colouring and Adorning of Plots is rather 
the Painter's Work than the Surveyor's; yet if he 
has Time to ſpare, and Patience to finiſh the Work, 
it may prove a pretty Diverſion. But for the ge- 
neral Practice, I would recommend the Uſe of In- 
dian Ink, which ground very fine upon a ſmooth 
Tile, and the Hedges or Bounders of each Field 
ſhadowed therewith, will look very neat, and make 
the Plot reſemble one done from a Copper-Plate, 
if rightly managed. 

The Water-Colours before-mentioned you may 
have in Shells ready prepared (being much readier 
than to trouble yourſelf with grinding, Cc.) as alſo 
the Indian Ink, Pencils, &c. at any of the Colour- 
Shops. 
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T he Manner of r out or dividing 
Land. 


SBC 
Of Laying-out Lands. 


N. 
8 N r any Quantity of Acres be given, to 
& 1 5 be laid out in a ſquare Fi igure, annex to 
D 5% the Number of Acres given 5 Cyphers, 

N. dc which will turn the Acres into ſquare 
Links: then from the Numbers thus increaſed, ex- 
tract the ſquare Root, which ſhall be the Side of 
tlie e Square. 

Sc, if you would cut out of a Corn Field one 
quarc Acre, add to 1 five Cyphers, and then it will 
be 100000, the Root of which is 3 Chains 16 
Livks, and ſomething more, for the Side of that 
Acre. 

Probiem 2. It you would Jay out a given Quan- 
Uty of Acres in a Parallelogram, whereof one Side is 
given 3 rt, turn the Acres into ſquare Links, by 
adding 5 «.yphers ; and divide that Number thus in- 
c caſed by the given Side, the Quotient will be the 
ewer Side: As if 100 Acres were to be laid out in a 

Dar allelogram, one Side whereof ſhall be 20 Chains; 
therefore to the 100 Acres add 5 Cyphers, which 
um 


1 
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Sum divide by 20 Chains, the Length of the given 
Side, the Quotient will be 30 Chains for the Length 
of the other Side. 

Problem 3. If you would lay out a Parallelogram 
that ſhall be 4, 5, 6, &c. times longer than it is 
broad : Firſt, turn the given Quantity of Acres in- 
to Links, as before, which Sum divide by the Num- 
ber given, for the Proportion between the Length 
and Breadth, as 4, 5, 6, &c. the Root of the 
Quotient will ſhew the ſhorteſt Side of ſuch a Pa- 
rallelogram: As if it was required to lay out 100 
Acresin a Parallelogram that ſhall be 5 Times as long 
as broad; firſt, to the 100 Acres add 5 Cyphers, 
and it makes 10000000 ; which Sum divide by g, 
the Quotient is 2000000, the neareſt Root of which 
is 14 Chains 14 U inks, and that ſhall be the ſhorteſt 
Side of ſuch a Parallelogram ; and, by multiplying 
that 14 Chains 14 Links by 5, ſhews the longeſt 
Side thereof to be 70 Chains 70 Links. 

Problem 4. If you would make a Triangle that 
ſhall contain any Number of Acres, being confined 
to a certain Baſe : Firſt, double the given Number 
of Acres, to which annex 5 Cyphers, and divide that 
Sum by the Baſe ; the Quotient will be the Length 
of the Perpendicular : As if the Baſe given be 40 
Chains, upon which you are to make a Triangle that 
ſhall contain 100 Acres; firſt, double the Number 
of Acres, and, annexing 5 Cyphers thereto, divide it 
by 40 Chains, the limited Baſe ; fo ſhall the Quo- 
tient be 30 Chains, for the Height of the Perpen- 
dicular, which ſet on any Part of the Baſe; then you 
may, from the Extremities of the Baſe draw the other 
two Sides, which ſhall form the Triangle required. 

So if, when you are laying out a new Piece of 
Land of any given Content, although you meet in 
your Way with 100 Lines and Angles, yet you may, 

making a Triangle to the firſt Station you began 
at, cut off any Quantity required, 
dE CT. 
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SE CF... 


Of Drviding Lands. 


EXAMPLE I. 


UPPOSE it was required to divide Fig. 42, 
whoſe Content is 10 A. 3 R 22 P. into 2 equal 
Parts, by a Line drawn parallel to 4 þ. 
Firſt, the Acres, Roods, and Poles muſt be re- 
duced into ſquare Links, which may be done thus: 


_ I 40 
If the Roods are 2{ add bo | to the Poles, 
| | 120 
and to the Sum annex 4 Cyphers; divide this 
laſt by 16, and write the Quotient Figures, if 
they be 5, after the Acres. But if the Quotient 
; 4 ; 1 Cypher 
Figures are but 3 77 write 3 4 be 
after the Acres, and then the Quotient Figures; ſo 
will you have the ſquare Links required. 
Therefore 10 A. 3 R. 22 P. reduced into ſquare 
Links, will ſtand thus: | 


22 
"120 
16) 142. 88 750 
Square Links — 1088750 
Having reduced the Acres, Sc. into ſquare 
Links, they make 1088750, the Half of which 1s. 
544375; next draw a Line by Gueſs parallel to a . 
as the Line cd, and then caſt up the Content of the 
Figure adcb, which ſuppoſe 494375 ſquare Links; 
this is leſs than 544375 by 50000 ſquare Links, 
which ſhews that the Partition-Line muſt be ſet 
forwarder from ba. : 
Now, in order to know how much cd muſt be ſet 
forwarder, I divide the Exceſs 50000 {quare Link 
v 
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by the Length of the Line cd, 953 Links, and i 
quotes 52 Links; therefore from c I ſet off 52 
Links, and draw the Line f e parallel to þ a, and 
it will be ſufficiently near the Partition Line. 

This is performed by the ſecond Problem of the 
laſt Section; but, if thoſe Parts of the Boundaries 
ef de be not nearly parallel, then it is belt to 
draw a Triangle to c d, inſtead of the Parallel- 

ram cf de. 

But if c 4 had cut off the Quantity.a d c 3, 
greater than that required, then the Partition- Line 
had been more towards 4 , whoſe Diſtance might 
be found as before. | 

Example 2. Suppoſe it was required to cut off 
from Fig. 43. fix Acres towards g f, by a Line 
drawn from a given Point in the Boundary a, at 4. 

Firſt, reduce the given Quantity, 6 Acres, inta 
ſquare Links, and they will be 600000 ; and then 
draw the Line @ 6, by Guels, from the given Point. 
a, and caſt up the Content of ga, which amounts 
to 431680 ſquare Links, which is too little. Y 

Next draw the Line a e, from the Point a, form- 
ing the Triangle 4 e, whoſe Content is 235600, 
which added to the Part gab f, amounts to 667280, 
which is more than the given Quantity 600000, by 
67280 ſquare Links; therefore the Partition- Line 
paſſes between e and þ. 

Now divide the Exceſs 67280 by 380, half the 
Length of the Perpendicular a c, in Links; the Quo- 
tient is 77 Links, which ſet off from o towards 5, 
and draw a d, which is the true Line of Partition. 
Example 3. Suppoſe Fig. 44. was to be divided 
equally among three Tenants, in ſuch a Manner 
that the dividing Lines may paſs through the Pond 
0, in the Middle of the Field, fo that each Tenant 
may have the Benefit of the Water. 

Firſt, Reduce the whole Figure into ſquare Links, 
and it will be found to contain 1477410; then each 

9 55 Tenant 


8683 
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Tenant muſt have one third Part thereof, viz 
492470 ſquare Links. ö | 

From o to any two Angles, as @ and h, draw the 
Lines oa, ob, forming the Triangle ao 5; which 
veing caſt up, amounts to 291984 ſquare Links, 
which ts too little, 

To the next Angle /, draw sf, forming the Tri- 
angle s of, which being caſt up, amounts to 231000 
fquare Links, which, added to the Triangle 40 b, 
gives 522984, which exceeds the Quantity required 

by 30314 ſquare Links. 

Divide the Exceſs 30514 by 347, half the Length 
of the Perpendicular og, and lay the Quotient 87, 
from F to h, and ſo ſhall YA be one third - Part 
of abedef. | 

Next draw the Line oe to the next Angle , 
and caſt up the Content of o ef, amounting to 
256410 ſquare Links; to which add the Triangle 
b af 50514 ſquare Links, the Sum is 286924, 
which 1s too httle. 

1 herefore draw od to the next Angle d, and caſt 
up the Content of o ed, 265500 ſquare Links, to 
which add hoe f 286924, their Sum is 552424 
tquare Links; which is more than the third Part Y 
of abc def, by 59954 ſquare Links, 

Divide the Exceſs 59954 by 295, half the Length 
of/the Perpendicular oi, and lay the Quotient 203 

Links from d to &, and draw o&; Jo ſhall He. 44. 
de divided into 2 equal Parts, by the Trapezias 
taho, hfeiks, and kd cbe, as was required; 

and the Pond o, laid out to each Tenant apart. 

Thele three Examples expreſs all the Variety that 
moſt commonly happens in Practice; for either the 
Partition- Line is required to be parallel to ſome 
other Line aſſigned; or to paſs through ſome given 
Point in the Fence; or to paſs through a Point at- 
toned in the Land. 


Tn; 
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If a Piece of Common was to be divided amongſt 
ſeveral Tenants, in Proportion to the Rent which 
each pays for his Farm: The Numbers being re- 
duced to the loweſt Denomination (except you ex- 
preſs the Parts of Acres and Pounds by Decumals, 
which is better) the Rule is: 

A, the Sum total of all the Tenants. Rents is to the 
whole Number of Acres in the Piece of Land contained, 
fo is each particular Tenant's Neu to the Number of 
Acres to be laid out for his Part. This is very plain, 

and needs no Exan ple. 


So if a Piece of Common was to be incloſed, and 


divided amonglt ſeveral Tenants, according to the 
Number of Beaſt-Gates which each Tenant hach 
in the Common, it is to be performed by the ſame 
Rule. 

There is no Need of Direction how to make the 
Lines on the Land in the ſame Poſition as on the 
Paper-Plot, by carrying the Chain in a ftrait Line 
from Point to Point, on the Land itſelf, as divided 
on the Paper: Only take Notice, chat the large 
the Scale is, by which the Plot is laid down on the 
Paper, the exacter will the odd Links of each L. ine 
be eſtimated by the Scale, in order to Ry thoſe 
Lines to-the Land. 

But if you are to divide a Wood, or very hilly 
Ground, -6 that you cannot ſce the Marks from 
Side to Side, do thus : 

Be ſure to keep” good Marks at every Station, as 
you meaſure round it, 7 may find the Hole 
at each, in which the Staff ſtood; then having plot- 
ted the Wood, and divided it on che Paper-Plot i in 
ſuch Manner as deſired; plant the Center of the 
Theodolite directly over that Point in the Station- 
Line on the Land where the dividing Line cuts it on 
the Paper- Plot, and bring che Index to 3603 or ſet 
it in the ſame Poſition as it was at the forward Sta- 
tion when you meaſured that Angle, turning about 

; ; he 
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the Inſtrument, till the Hair in the Teleſcope cuts 
the laſt Mark; fo that the Teleſcope be ſet exactly 
in the Direction of the preſent Station-Line; where 
the dividing Line cuts, and there ſcrew the Inſtru- 


ment faſt : Then meaſure, with your Protra@or on 


the Paper-Plot, the Angle which the dividing Line 
makes with the preſent“ Station- Line; and turn 
abour the Index on the Limb to the ſame Angle, ſo 
ſhall the Teleſcopè be ſet in the Direction of the 
dividing Line; then by looking through the Tele- 
ſcope, you may cauſe Staffs to be ſet up in the ſame 
Direction: And thus proceed in a ſtrait Line. till 
you are far enough in the Wood, or quite through, 
if it be divided by one Line; but, if by two Lines, 
you muſt continue them till they meet one another, 
as in the Paper-Plot. | | 

The ſame Thing may be performed by the plain 
Table, or the Chain only ; but thoſe Inſtruments 
are not ſo convenient to meaſure a Wood, or hilly 
Ground, as the Theodolite. 


S EO. HL: 


How to reduce Cuſtomary into Statute Meaſurt. 


F you would change Cuftomary into Statute Mea- 


ſure, & e contra, the Rule is: As the Square of 
one Sort of Meaſure is to the Square of the other ; ſo 1s 
the Area of the one to the Area of the other. 

In ſome Parts of England, they account 18, in 
ſome 20, 22, Sc. Feet to a Pole or Perch, and 


160 ſuch Perches to make an Acre, which is called 
cuſtomary Meaſure ; whereas our true Meaſure of 


Land, by Act of Parliament, is but 160 Perches 


to an Acre, accounting 16 Feet and an half to the 
Perch. 5 


So 


« 
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So if a Field meaſured by a Perch of 18 Feet, 
accounting 160 ſuch Perches to the Acre, con- 
tains 100 Acres; how many Acres ſhall the ſame 
Field contain by the Statute Perch of 16 Feet? 
Say, As the Square of 162 Feet, (viz.) 272.25, is 
to 100 Acres, ſo is the Square of 18 Feet (viz. 


324) to 1195575 Of a Statute Acre. See the Ope- 
rations at large. * 


16.5 
16.5 18 
1 
825 —— 
990 © 144 | 
165 18 * 


272.25 100: : 344. 


272.25) 32400. o0 (119.008 Acres. 
51750 
245250 
0223 
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2 0 Þ BY; 


General Obſervations on the Method of 
Surveying and Plotting of Roads, 
Rivers, &c. with ſhort Hints how 
zo make the Draught of a County, 
or Ground Plot if a City, &c. 


N the ſeventh Chapter -I have added 
general Directions for Meaſuring of 
Roads, &c. omitting particular Forms 
Ss of Charts, which would take up more 
Room than can be ſpared in this ſmall Tract ; and 
indeed, if the ſeveral Varieties that occur in theſe 
large and ſpacious Works were inſerted, it would 
ſwell to a large Volume: But ſince the Surveyor's 
Judgment in contriving and carrying on his Work 
muſt be his beſt Guide, theſe few Obſervations 
may ſerve as Memorandums of the moſt neceſſary 
Things in Practice ; which, together with other 
Rules before laid down in this Tract, may perhaps 
be a ſufficient Inſtruction for the Performance of 


any Thing of this Nature. 
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Ce TT 


General Directions fer making a Draught of the 
Roads lying through any Country, &c. 


TNSTRUMENTS fitteſt for this Purpoſe are, r. 
The Theodolite as before deſcribed ; the Angles 
which each Station-Lineon the Road makes with the 
Meridian, being obſerved by the Limb in the ſame 
Manner, as before ſhewed, and the Bearings of the 
ſeveral Remarks from thence by the Needle. 2. The 
IWheel or Way-wiſper, to meaſure the Length of the 
Lines, by driving the Wheel on the Road before 
you ; ſo ſhall the Hands on the upper Part of the 
Inſtrument ſhew how many Miles, Furlongs, and 
Poles, you go at one Time from any Station. 3. The 
Protraftor, as before deſcribed : A neat diagonal 
Scale of Braſs, and a good Pair of Compaſſes. Or, 
you may have a Beam-Com paſs, with ſuch a Scale 
on the Beam as ſhall be agreeable to the Largeneſs 
of your Plot; and thereby you may lay down the 
Length of your Lines very expeditiouſly, by ſetting 
one Foot of the Compaſſes at one End of the Line, 
and moving the Socket on the Beam to one of the 
equal Diviſions near the other End of the Line you 
are about to lay down, repreſenting Chains or Fur- 
longs; and then you may bring the Point of the 
Compaſs which ſtands Perpendicular on the Paper to 
the Parts of that equal Diviſion, repreſenting Links 
or Poles, by the Help of a ſmall Screw ; there being 
Diviſions on the Edge of the Socket ſliding cloſe on 
the Beam according to Nenus's Projection; fo that 
the Links of a Chain or Poles of Furlong are eſti- 
mated in the ſame Manner as the Minutes of a De- 
gree on the Limb of the Theodolite. In theſe large 
Plans, where the Diſtances of Places are determined 
by the Interſection of Right-Lines from your Sta- 
ih tions, 


* 
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tions, thoſe ſtationary Diſtances ought to be laid 
down as accurately as may be; for, where a Mile 
is laid down in the Compaſs of an Inch, a Prick 
of the Compaſſes is conſiderable. 
In order therefore to make a Draught of the prin- 
cipal Roads that lie through any County, &c. Firſt, 
begin at ſome noted Market-Town, or rather at 
the County- Town, placing the Theodolite at ſome 
remarkable Church, Sc. then having a Field-Book 
with large Margins to enter the Remarks, and the 
middle Column repreſenting the Station-Lines divid- 
ed into three Parts, at the Head of which write 
M. for Miles, F. tor Furlongs, and P. for Poles. 
When you begin your Journey, at the 'Top of the 
Field-Book write the Name of the Place where you |} 
begin your Work, and make © 1 in the Field. 
Book to repreſent the firſt Station: Send ſome 
Perſon forwards on the Road, with a white Flag 
in his Hand, as far as you can ſee; and then by 
ſome known Sign cauſe him to ſtand; then bring 
the Index to 360 on the Limb, and turn the Inſtru- 
ment into the Direction of the Meridian, and there 
fix it; then direct the Teleſcope to the Perſon on 
the Road, and note the Degrees cut on the Limb 
for the Bearing of the firſt Station-Line. | 
Put the Hands to the Beginnings of the Numbers 
on the Plate, and bring the Wheel to the Station ; 
then cauſe one to drive it from the Place where your 
Inſtrument ſtood, towards the Man on the Road, 
till you ſee ſome remarkable Object on either Side 
thereof; there let him ſtop and direct the Teleſcope 
to that Object, and note the Degrees which the 
Needle points to in the Box, and at what Diſtance 
the Inſtrument is planted from the laſt Station, to- 
gether with the Name of the Object to which the 
Teleſcope was directed. 
Having entered this in the Field-Book ,go on with 


the Wheel till you ſee ſomething elſe remarkable 
either 
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either Side of the Road; there ſtop and take a 
Bearing; and in this Manner proceed till you come 
up to the Man at the ſecond Station, obſerving as 
you go along on the Road from Station to Station: 
Firſt, what By Lanes or Roads you meet with in 
your Way, whether they be to the right Hand or 
to the Left, and to what Places they go; how they 
incline, whether forwards or backwards, or whe- 
ther they be at right Angles with the Road you are 
meaſuring, and note it down in the Field-Book with 
two Lines thus = on the right or left Side of the Sta- 
tion-Line : That is, if the Road or Lane be on the 
right Hand, then place it on the right Hand; but if 
the Road be on the left Hand, then place it on the 
Left : If the Road doth incline forwards then mark 
it on either Side of the Lance or Road thus : 
If the Road or Lane incline backwards, then mark 
it thus J: If it be at right Angles with the Road 
you meaſure, then mark it down thus: : If ano- 
ther Road croſſes that you are upon, note 1t thus 
+ : Likewiſe ſet down at what Diſtance trom your 
Stations the Lanes or Roads turn out from the 
Road you meaſure, viz. at ſo many Furlongs, Sc. 
a Road to the Right or Left of ſuch a Place. 

Likewiſe, when you pals over any Bridge, note 
it in the Field-Book, with the Diſtance from the 
laſt Station; as alſo the Name of the Water that 
runs under it, and from whence it hath it's Rile, 
and where it empties itſelf ; The ſame mult be ob- 
lerved when you paſs over any Ford or Kill. 

Note down alſo, when you aſcend an Hill, and 
when you come to the Top thereof, and when you 
deſcend the ſame, and come to the Bottom thereof. 

When you paſs through any Town or Village, 
note at how many Miles, Furlongs, and Poles, you 
enter the ſame; and at how many Miles, Sc. you 
leave it, and whether the Houſes be clo e, or ſcat- 
tering, or on the right or left Side of the Road, or 

I. 2 ON 
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on both Sides of it; alſo write down the right 

Name thereof; and, if a Market-Town, take No. 
tice on what Day the Fairs or Market are kept, 
and by what Officers the Town is governed, 

Note down. allo the Mills that are on the Road, 
whether Water-mills, or Wind-Mills, and the Diſ- 
tance from your laſt Station. If there be any on 
Churches on the Road, note them down by their 
Names, and whether they be Towers or Spires, with 
their Diſtance from your laſt Station. 

In your meaſuring along the Road, if you ſee 
any Churches, Manfion- Houſes, Beacons, Wind-mills, 
Towns, Villages, or any other Thing remarkable, 
you muſt take a Bearing to each, noting down in 
your Field-Book the Name of the Place, and how 
it does bear, and what Diſtance from your laſt 
Station you took this Bearing. | 

Then in your meaſuring forwards, at as great 
a Diſtance as you can, take another Bearing to 
thoſe Places you took laſt, provided you may but 
ſee them, and note the Names of the Places, and 
how they bear, and at what Diſtance from your laſt 
Station, as before, | | 

Obſerving theſe Directions, proceed with your 
Work on the Road as far as you can go the firſt 
Day, entering the ſeveral Obſervations in as plain 
and fair a Manner as poſſible in the Field-Book ; 
and then it may be convenient to protract that 
Day's Obſervations, before you go any further. 

Therefore, on the Paper or Parchment, on which 
you draw the foul Draught, let there be ruled Me- 
ridian-Lines all over, exactly parallel to one ano- 
ther; and chuſing a proper Place in one of the 
Lines, to repreſent the firſt Station, draw an occult 
Line from thence, making fuch an Angle with the 
Meridian, as you obſerved the firſt Station-Line to 
do, when you directed the Teleſcope to the Man 
ſtanding in the Middle of the Road. 


3 


When 
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When you have drawn the Station- Line in it's 
true Poſition, ſet thereon the ſeyeral Diſtances from 
the laſt Station very exactly, at which you made 
any Remarks, as you find them noted in the Field- 
Book; and make a ſmall Prick at each, in the Sta- 
tion-Line: Then having made the Station-Line of 
it's juſt Length, proceed to lay down the ſeveral 
Objects you obſerved on each Side the Road, in 
their true Situation; as ſuppoſe a Steeple that 
ſtands at a Diſtance from the Road, viz. a Mile 
or two; lay the Center of your Protractor on the 
Place at which you took the Bearing, (Ex. gr. fo 
many Poles, Sc. Diſtance from ſuch a Station, 
ſuch a Steeple did bear from you 2079 400% and 
againſt the Degrees of Bearing make a Mark, and 
draw a Line at Length. : 
Then at the ſecond Place in the Station-Line, 
where you obſerved this ſame Steeple to bear from 
you, lay the Center of your Protractor, and againſt 
the Degrees of Bearing make a Mark, and likewiſe 
draw a Line at Length; and, where this laſt Line 
of Bearing interſects the firſt Line of Bearing, there 
place the Steeple, with the Body of- the Church to 
the Eaſt Side thereof. | | 
All Wind-mills, eminent Houſes, or other Re- 
marks that are diſtant from the Road, you mult 
protract in the ſame Manner as you did the Church 
by the Bearings, and likewiſe write down the Name 
of each; and, if you protract a Village that ſtands 
at a Diſtance from the Road, you mult ſignify by 
Writing the fame, that it is a Village; but, that 
you may know Market-Towns from Villages, write 
the Name of the Market-Town in a different Kind 
of Letter; and if you protract a Village that is in the 
Road, with Houles ſcattering, you mult place your 
Hou es ſcattering on the right or left Hand of the 
Road, as you noted them in the Field-Bo!: 
1. 3 You 
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You muſt protract the Road all along with two 
Lines parallel one to the other. If your Road hath 
Hedges on both Sides, then draw your Lines 
black; but if your Road be an open Way, then 
draw it with pricked Lines; you may allo inſert 
the Quality of the Ground, whether it be a Com- 
mon, Moor, or Arable Land, | 
If the Road paſſes through a Mood, then make 
little Trees on both Sides the Road, to ſignify the 
ſame fo far as the Wood goes. 

If the Road paſſes over an Hill, you muſt, at 
the Beginning where the Hill aſcends, ſhadow very 
deep, and, as the Hill more and more aſcends, 
you muſt ſhadow it lighter, till you come to the 
Top thereof : But if the Hill 9% an Angle of 
above 5 or 6 Degrees, or thereabouts, and the 
Height be above a Furlong, you muſt find the ho- 
rizontal Line of that Hill, and protract that; other- 
wiſe a great Error may enſue. | 

If there be a Village or Town on the Side of the 
Hill, you muſt ſhadow it likewiſe, fo that the 
Houſes may be ſeen. If the Remarks that are at a 
Diſtance from the Road ſtand on a Fan make an 
Hill to repreſent the ſame. 

If your Road paſs by or through a Park, Foreſt, 
or Chaſe, write down on your Road protracted 
where you entered the ſame, and. where you left it, 
writing the Name thereof among the Trees. 

If your Road pals over a Ford, draw the River 
quite croſs the Road, to ſignify there is no Bridge, 
and write the name of the Ford ; bur if there be a 

Bridge, then draw the River on both Sides of the 
Road, till it touch the parallel Lines; and write 
the Name both of the Bridge and of the River; 
likewiſe write on that Side of the Road that the 
Stream runs from you, at what Place the River 
empties itſelf, and on the other Side * _ 

oa 
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Road write from whence the Water or River hath 
it's Riſe, if you can learn that of the Inhabitants. 

All Rills you may ſignify by drawing a Line 
croſs the Road; and Brocks may be ſignified by 
drawing two Lines croſs the Road, and Rivers by 
more Lines, together with the Names; for all Rivers 
have Names, but Rills and Brooks often have none. 

It will likewiſe be neceſſary, that you take No- 
tice of the Quality of the Way, whether it be ſtony, 
clayey or boggy, and write it down on the Road 
that you have protracted : And by this Means you 
will have your Road very full of Remarks, and it 
will ſhew very neat and handſome, 


err . 


— 


Containing general Directiont for making the 
Plot of a River or Brook, by the before- 


mentioned Inſtruments, 


IRST, when you come to the Mouth of the 
River, cauſe a Man to go and ſtand at the next 
Bend thereof ; then plant your Theodolite at the 
Mouth of the River, letting your Needle hang di- 
rectly over the Meridian-Line in the Box ; there fix 
the Inſtrument faſt, and direct your Teleſcope to 
the Man that ſtands at the next Bending of the 
River, and note down the Angle in your Field- 
Book, as you did in the Road. 

Then cauſe the Man that drives the Wheel to 
meaſure between your firſt Station, and the Man at 
the next Bending ; and note that down alſo in your 
Field-B. ok, under Miles, Furlongs, and Poles, 

Then bring your Inſtrument to the Man at the 
firſt Bending of the River, and cauſe that Man to go 
torwards, till he finds another Bending z there ict 
4 4 him 
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him ſtand ; and placing your Inſtrument where the 
Man laſt ſtood, let ' your Needle (as before) hang 
directly over the Meridian-Line, and there make 
your Inſtrument faſt; then direct the Teleſcope to 
the Man that ſtands at the next Bending of the Ri- 
ver, and note don the Angle in your Ficld-Book, as 
you did ih the former: And in this Manner you muſt 
proceed all along the River, to the Head thereof. 

In order to take the Breadth of the River, it will 
be convenient to ſend ſomebody on purpole croſ; 
the River, in a Boat, (unleſs a Bridge or Ferry be 
near) and let him fer up a Staff by the Brink of the 
River, on the further Side, to which Staff take a 
Bearing, from the Place of your Standing, which 
call the firſt Station; alto let another Staff be ſet up 
on the ſame Side where you ſtand, and call that the 
ſecond Station, to which take a Bearing alſo. Now 
meaſure in as ſtrait a Line as poſſible, the neareſt 
Diſtance between the 1ſt and 2dStations, and that 
Diſtance note in the Field-Book with the Bearings. 

Plant the Theodolite at the ſecond Station, and 
take a Bearing to the ſame Mark on the further Side 
of the River, and note that Bearing alſo in the 
Field-Book. 

When you protract theſe Obſervations, lay the 
Center of the Protractor to © 1, and turn it about 
till the Diameter be parallel to the Meridians on 
the Paper; then againſt the Degrees of Bearing 
from © 1, to the Mark on the further Side of the 
River, and alſo to © 2, clofe to the Limb of the 
Protractor make two Marks, through which, from 
© 1, draw two Lines at Length. 

Set off the Diſtance between the two Stations on 
the 2d Line, and make it O 2, to which Mark lay 
the. Protractor as before, and againſt the Degrees 
or Bearings obſerved-at this 2d ©, to the Mark on 
the further Side of the River make a Mark, through 
which draw a Line at Length ; then will this Line 

interſect 
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interſect the firſt Line drawn at your firſt Station, 
and the Point of Interſection will ſhew the Breadth 
of the River, 5 | 

In the fame Manner are the Diſtances of the 
Churches, &c. from your Stations on, the Road 
determined. Ree, Ba 

If there be a Ferry over the River, you muſt 
draw the River to it's true Breadth, and make a 
pricked Line croſs the River to repreſent the Paſ- 
ſage of the Ferry-Boat; and note on the Side of 
the Riyer the Name of the Ferry. ; 

In meaſuring on by the River, obſerve what 
Bridges you pals by, and at what Diſtance from your 
laſt Station; alſo whether they be of Wood or 
Stone, and by what Name they are called; alſo 
take Notice of all Corn-Mzlls, Paper-Mills, &c. and 
note them in the Field-Book, in the Column of 
Remarks, with their Diſtance from the Mouth of 
the River, and your laſt Station. 

Likewiſe take Notice of all the Slaices (if there 
be never ſo many) that are on the River, and of all 
the Locks and Flood gates as you pals along, with 
their Names, if they have any; alſo if there be any 
Cut or Cane! from the River that you are meaſuring, 
note where it goes out of the River, and where 1t 
comes in again, and for what End it was ſo cut: 
Alſo where any Brook or Kiver enters into that you 
are meaſuring, note down the Place, and the Name 
of the River that comes in; and alſo take an Ac- 
count of thoſe Places of the River that are fordable, 
and note them down in your Field-Book : And in 
all theſe Caſes expreſs the Diſtance of each Remark 
from your laſt Station, as alſo their Diſtance from 
the Mouth of the River. 

You muſt alſo note in your Field-Book all the 
Towns this River runs through, or by, with the 
Towns Names, and the Diſtance from your laſt 
Station and the- Mouth of the River, 
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You mult alſo take an Account of all the Churches 
that are on each Side the River within your View, 
by taking a Bearing to them at two ſeveral Places, 
as you did on the Road; and note them down in 
the Field-Book, with the Diſtance of the Place from 
your laſt Station, where you took the Bearing to 
the Steeple both Times; by this Means you will 
come to know how far each Church is diſtant from 
the River: The ſame you muſt do by all the Vind. 
mills, Great Houſes, &c. noting their Names and 
Places of Situation in the Column of Remarks in 
the Field-Book. . 

When you have thus meaſured your main River, 
begin to meaſure the ſeveral Branches thereof; for 
there are but few Rivers but have ſmaller Rivers 
running into them, and all thoſe ſmall Rivers ought 


to be done with the ſame Exactneſs as the great 


ones. | 

Note, Every Bending of all the Rivers that are 
navigable muſt be taken exactly; but for other 
{mall Creeks there is no great Need; for you will 
find ſuch ſmall Brooks to have a Bend at every two 
or three Poles, nay ſometimes leſs, rherefore they 
are to be taken thus: 

Take your Sights as far as you can conveniently, 
till you find the Brook to have a conſiderable Bend- 
ing; and, if your Scale will permit, you may cake 
Off-ſets to repreſent the ſmall Turnings and Wind- 
ings thereof, as in Fig. 41: But, in meaſuring a 
ſmall Brook, if your Scale is to be a Mile or twoin 
an Inch, then theſe ſmall Turnings and Windings 
cannot be deſcribed in the Map. 

The Manner of protracting theſe Obſervations is 
the ſame with the Roads, except the Off-lers from 
the Station-Line to the Brink of the River, and it's 
Breadth, which are particularly to be regarded. 


SE CT, 


Sect. 3. The Practical Surveyor, We 


SE ©... . 


General Directions for making a Map of a 
County, &c. 


IRST, from the County- Town, or other 
Market-Town, where you began your Work, 
Jay down the principal Reads throughout the County, 
and protract them truly, as you obſerved them in 
your Survey, inſerting the Towns, Villages, Great 
Houſes, Croſs Ways, &c. according to their true S1- 
tuation, taken at two Stations, as you went on the 
Road; ſo will you (if Care be taken) have the true 
horizontal Diſtance of all thoſe Places within Sight 
of the Roads, from the Road itſelf, or from one 
another. 6 
Secondly, Lay down the chief Rivers that run 
through the County ; ſo will you have the Situa- 
tion of ſeveral more Towns, and other Remarks, 
as obſerved in your Survey of that River ; and, 
when the rain Rivers are done, all the Branches 
muſt be protracted with the like Exactneſs; for the 
main Rivers and Branches being exactly done, will 
be a great Ornament to a County Map. | 
Thirdly, If the County borders upon the Sea, firſt 
protract the Sea-Coaſt exactly; and then take a Sur- 
vey of, and Plot all Rocks, Sands, or other Obſtacles 
that lie at the Entrance of any River, Harbour, Bay 
or Road, upon the Coaſt of that County, by going 
out in a Boat to ſuch Sands or Rocks that make 
the Entrance difficult; and, at every conſiderable 
Bend of the Sands, take, with a Sea-Compals, the 
Bearing thereof, to two known Marks upon the 
Shore: And, having ſo gone round all the Sands 
and Rocks, you may, upon the Plot before taken of 
the Coaſt, draw Lines, which ſhall interſect __ 
Other 
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other at every conſiderable Point of the Sands; 
whereby you may give good Directions either for 
the laying of Buchs, or making Marks upon the 
Shore, for the Direction of Shipping; and the 
beſt Time to do this, is at low Water, in Spring 
Tides. | ods 

Fourthly, Having truly protracted the principal 
Roads, Rivers, Sc. with the ſeveral Remarks 
obſerved from thence, you will find moſt of the re- 
markable Places in the County laid down: But, in 
order to complete the Work, look upon ſome old 
Map of the County, and contrive three or four 
Market-Towns, or other Towns, to meaſure through, 
that you have not yet laid down, and from thence 
to other Towns or Villages; and ſo do till you 
have meaſured moſt or all 'the Roads that lead 
from Market-Town to Market-Town; taking all 
the Remarks you can as you go along; and if you 
find any Thing remarkable in the old Map, that 
vou have not yet taken Notice of, yoo may go and 
turvey it. And thus, by Degrees, you may ſo finiſh 
2 County, that you need not ſo much as leave out 
one Gentleman's Houſe ; for ſcarce will any Thing 
remarkable eſcape coming into your View, either 
from the Roads, Rivers, or Sea-Coaſt. 

Fifthly, When you are in a Town, place your 
Inftrument, if you can, upon the Steeple, and from 
thence take the horizontal Angles ro the moſt re- 
markable Objects within your View; take the 
Bearings of theſe a ſecond Time from ſome other 
eminent Place, and meaſure the Diſtance between 
theſe two Stations. Note, All Churches are to be 
laid down according to their horizontal Diſtance 
one from the other : Therefore, if the Road be- 
tween them be over Hills of a conſiderable Height, 
the hypothenuſal Lines on the Road mult be re- 
duced to horizontal. 
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Sixthly, All Parks and Foreſts muſt be truly laid 
down in the Map, as to their true Bounds and Si- 
tuation; and alſo all remarkable Lakes of Water: 
You are likewiſe to deſcribe the Quality of the 
County, whether 1t be hilly or woody, placing the 
Hills and Woods in their true Situations. 

Laſtiy, Take the true Latitude in three or four 
Places in the County; which put down on the 
Edge of your Map according]y. 


. 


General Directions for taking the Ground-Plas 
, a City or other Town. 


HE Performance of this Work 1s very labo- 

rious, and you mult be careful to keep the 
Field-Book in a plain and regular Manner, other- 
wiſe the Multitude of Obſervations and Ofi-jets will 
be apt to breed Confuſion ; but if Care be taken 
therein, you will find the Work not very hard to be 
done: One that underſtands the fifth Chapter will 
make no Difficulty of this Section, for the ſeveral 
Streets, Lanes, c. in a City are ſurveyed ard pro- 
tracted in the ſame Manner as the Lane, Fig. 41. 
The ſeveral Off lets to the Houſes, Churches, Sc. 
all along the Sides of the Street being taken from 
the main Station- Line, running through the Mid- 
dle thereof, in ſuch Sort as the Off. ſets are taken 
from the Station-Line to the Hedges, Gates, Ec. 
on the Sides of the Lane. 

The Inftruments for this Purpoſe, are, 1. The 
Theodolite as before deſcribed, to meaiure the ſeveral 
Angles made by your Station-Lines, as they incline 
out of one Street into another; and in this Cale wor 
with the Limb only, but never truſt to the Needle; 
for (beſides the Danger of it's being attracted) you 

| will 
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will find it neceſſary to lay down every Line by 
fome other, given in Poſition in the Plot itſelf, ra- 
ther than by the Bearing from the Meridian, 

2. The Chain; and becaule the Ground-plot of 
the Houſes, Pavements, Cc. is generally laid out 
by Foot-meaſure ; therefore let every Link thereof 
be a Foot long, and fifty of theſe Links will make 
the Chain of a ſufficient Length, diſtinguiſhed at 
every ten Links by Marks, as Gunter's Chain is: 
But, if the Content of any Part of the Plot be de- 
fired in Acres, you may reduce the Feet in any 
Line to Links; and for this Purpoſe the Table in 
Chap. II. will be a ready Aſſiſtant. 

3. The Off-/et-Staff, divided alſo into Feet, five 
of which may make it of a convenient Length, be- 
cauſe you will have Occaſion to meaſure many Paſ- 
fages, Alleys, &c. that are not wider; allo at one 
End of the Staff you may have a Piece of about 
three Feet joined, like the Square of a Drawing- 
board; and this will be a Direction to meaſure the 
Off-ſets from the Chain at Right Angles. 

4. The Scale (or a Beam-Compals) according to 
the Bigneſs of the Plot; the Protracter, the Draw- 


ing-Pen, &c. : 


Firſt, in one of the principal Streets, as at © 1, 
in the Lane, Fig. 41. ſet up a Station-Staff, and 
ſend another forward in the Street as far as you can 
fee ; then lay the Chain on the Ground exactly in 
the ſame Direction with the two Stations ; and with 
the Off- ſet- Staff, both to the Right and Left at 
Right-Angles from the Chain, meaſure the Off-ſets 
as in the Lane, taking Notice at how many Links 
from the laſt Station each is laid off; and when any 
of thoſe Off- ſets reach any remarkable Houſe, c. 
or the Corner of a Strect, Alley, or Court, enter 

ſuch a Remark againſt the reſpective. Oft-ſet, in one 


Us 
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of the outſide Columns of the Field-Book: And in 
this Manner proceed to the ſecond Station. 

Set up the Theodolite at the ſecond Station, and 
bring the Index to 360 on the Limb, turning the 
whole Inſtrument about till you ſee through the 
Teleſcope the Staff at © 1 ; there fix the Inſtrument, 
and then turn about the Index, directing the Tele- 
ſcope to another Staff ſent forwards in the Street, 
to the further End thereof, if you can fee fo far; 
and note in the Field-Book the Angle which the In- 
dex cuts on the Limb with the utmoſt Exactneſs: 
Then proceed with the Chain towards the next 
Station as before. 

Having in this Manner gone through ſeveral of 
the principal high Streets, that lead through one 
Part of the Town, it will be convenient, as you 
paſs along, as often as you come againlt any croſs 
Street, to take a Sight down it, and note the Place 
or Mark to which the Teleſcope is directed, and 
alſo at how many Links Diſtance from the laſt Sta- 
tion the Inſtrument is planted, when you thus look 
into a croſs Street: Note both theſe Places in your 
Field-Book, or Eye-Draught, with this Mark O; ſo 
that you may be ſure to find the Place exactly, when 
you begin to take your crols Streets. 

It will be convenient not only to enter your Ob- 
ſervation in the Field-Book, but alſo ro form a 
Sketch or Eye-Draught of the Work, as you go 
along, making Lines to imitate the ſame; and draw 
the croſs Streets, Alleys, Sc. thereon, in ſuch Man- 
ner (as near as you can gueſs) as you ee thoſe cross 
Streets to bear from the Place of your Standing in 
the high Streets, and write the Name of cach Strect 
between the Lines repreſenting the ſame; and this 
will be uſeful when you come to protract. 

Note, Before you begin your Work, it will be 
neceſſary to walk about the Town, and chuſe four 
or ve principal Streets that lead out of one into 


another : 
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another, incloſing between them ſeveral By-Lanes, 
Alleys, &c. And contrive your firſt Station in ſuch 
a Manner, that when you come round theſe four or 
five Streets,.the laſt Station-Line may cloſe exactly 
on the firſt Station- Point; and obſerve, that the 
fewer Angles you make in going round theſe Streets 
before you cloſe, the better 

This 1s no more than ſurveying a Field; the main 
Difficulty will be to find your Stations when you 
come to ſurvey the croſs Streets, By-Lanes, Tho- 
roughfares, c. between the eminent Streets that 
you firſt went round ; but you may help yourſelf 
herein, if you lay one End of the Chain at ſome 
Door, or other remarkable Place on the right Side 
of the Street; and draw it in a ſtrait Line through 
the Station-Point to ſome Remark on the other 
Side of the Street; taking Notice at how many 
Links from the Right the Chain cut the Station: 
You may alſo much help yourſelf herein by your 
Eye- Draught. 

When the Station-Line leads you into a Square, 
you may plant the Theodolite in the Middle thereof, 
and from that one Station direct the Teleſcope to 
the Corners (very often there are but four, and the 
Sides all ſtrait) and meaſure the Diſtances from that 
Station to the Corners, as in Chap. II. Sect. 4. But 
if you would take Notice of particular Hauſes there- 
in, or if the Sides are very irregular, then go round 
it: But Lanes and Alleys are laid down by Off-{ets 
only, from the Station-Line through the Middle. 

Having thus finiſhed one Part of the Town or 
City, you may proceed to another till the Whole 
be finiſhed ; but this is a Work that will take up 
a great deal of Time. 

The Manner of protracting this Work is the ſame 
as in the preceding Chapters, therefore particular 
Directions are needleſs; but it is beſt to protract ſo 


much as you ſurvey in one Day before you row 
with 
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with more; and, for this Purpoſe, a Skin of fine 
ſoft Parchment is better than Paper, unleſs the Pa- 
per be very fine, and paſted on Cloth or Canvas. 
The Ground-Plots of Churches muſt be very ex- 
actly taken, and laid down in the ſame Manner on 
the Draught, and ſhadowed very deep; the ſame 
muſt be obſerved of Houſes. 

Alſo, if you uſe a Protractor that will lay down 
Minutes, your Work will be more likely to cloſe; 
for you cannot be too curious in obſerving and lay- 
ing down the Angles, eſpecially thoſe in the prin- 
cipal Streets. 
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APPENDIX 


TO THE. 


practical SURVEYOR. 


> OO WAL-L 
of LEVELLING. 
SECT. I. 
Of the Spirit-Level and Station-Staffs. 


— 


HE Inſtrument, commonly uſed for Le- 
A velling of Land, conſiſts of a Braſs Te- 
WP. 1&8 /e/cope of about two Feet long, in the 
9 cd Focus of which is fixed an horizontal 
Har, to cut the Obje& in Time of Obſervation : 
Upon the Teleſcope is fixed with two Screws a 
ſmall Braſs Tube, within which is a Glaſs Tube 
containing ſome Spirits. This Tube is hermetically 
ſealed at each End, to prevent the Spirits run- 
ning out ; and the Braſs Tube is filed away on the 
upper Side, ſo that the Glaſs Tube, and the Bubble 


of Air moving in it from End to End, may be ſeen. 


ment, and is occaſioned by the Glaſs not being 
quite filled with Spirits. The Bore of the Tube 
and the Length of the Bubble ſhould be bigger, ac- 
cording to the Degree of Accuracy that is required 
for the bigger theſe are, the Friction will be leſs, 
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This Bubble Is the Direction for ſetting the Inſtru- 


and 
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and the Motion more ſenſible. Some will move 
ſenſibly to 5 or 6 Seconds; but, for the Purpoſe of 
levelling Ground, they ſhould not be made to move 
ſo quick; for, in that Caſe, the Inſtrument would 
be ſcarce manageable. | 
The Teleſcope ſhould be fixed upon a Braſs Bar 
of a convenient Strength, and of near the whole 
Length of the Teleſcope : At the farther End of 
this Bar there ſhould be a ſhort Axis, upon which 
the Teleſcope may have a ſmall Motion up and 
down; and at the hither End there ſhould be a Hair 
Screw, by which the Teleſcope may be gently raiſed 
or depreſſed, till the Bubble reſts exactly in the 
Middle of (or at ſome particular Mark in) the Glaſs 
Tube, which is the Situation it muſt be always in 
at the Time of Obſervation. Under the Middle of 
the Braſs Bar ſhould be fixed a Socket, by which the 
whole Inſtrument may be readily fixed to the three- 
legged Staff, belonging to the Theodolite. Inſtru- 
ments for levelling ſhould be ſo contrived, that the 
Agreement of the Hair in the Teleſcope, and the 
Bubble in the Glaſs Tube, might be eaſily examin- 
ed, and (if need be) adzuſted at every Ovation : 
But, as they are not uſually ſo made, the common 
Way of rectifying them will be ſhewed in the next 
Section. | 


Of the Station-Sta F. 


Provide two Station-Staffs, each 10 Feet long, 
that may ſlide one by the Side of the other to 3j Feet, 
for eaſier Carriage; let them he divided into 1000 
equal Parts, and numbered at every 10th Diviſion, 
10, 20, 30, 40, Se. to 100, and from 100, 110, 
120, Sc. to 200, and fo on till you come to 10003 
but every centeſimal Diviſion, as 100, 200, 300, 
to 1000, ought to be expreſſed in large Figures, 


that the Divilions may be more caſily counted; ms 
| yo 
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you may have another Piece 5 Feet long, divided 
alſo into 500 Parts, to be added to the former, when 
there ſhall be Occaſion. 
Upon theſe Staffs are two Vanes, made to ſlide up 
and down, which will alſo ſtand againſt any Diviſion 
on the Staff, by the Help of Springs. Theſe Vanes 
may be made about 3 or 4 Inches wide, and about 
10 Inches long ; let the Faces of them be drvided 
into 3 equal Spaces, by two Lines drawn length- 
ways; let the two extreme Spaces be painted white, 
and let the middle Space be divided alfo. into 3 
ſmaller equal Spaces, and let that in the Middle be 
painted white, the other two black, which will 
render them fit for all Diſtances. "J 

Being thus provided with a good Sprrit- Level, 
two Station-Staffs, a Chain, and two Aſſiſtants, you 
may proceed to your Work; but firſt it will be 


neceſſary to make a Trial whether or no your Level 
be well adjuſted, 


+-&-Q-T.--1x. 
How to adjuſt the Spirit. Level. 


HUSE ſome Field or Meadow that 1s nearly 
level, and ſet down the Inftrument about the 
Middle thereof, and make an Hole in the Ground, 
under the Center of the Inſtrument ; from which 
meaſure out, in a right Line, ſome convenient 
Length, as 20 Chains, and there leave one of your 


Aſſiſtants with a Station-Staff; then return to the 


ſtrument, and meaſure out the ſame Number of 
Chains, viz. 20, the other Way, by the Direction 
of the Inſtrument, and laſt Station-Staff, as near in 
a Right-Line as you can gueſs, and there leave 
your other Aſſiſtant with his Station-Staff; ſo will 
the Inſtrument and two Station-Staffs be in the 

lame ſtrait Line. | 
M 3 Then 


% 
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Then return to the Inſtrument, and turn the 
Teleſcope about to your firſt Aſſiſtant, and move 
the Teleſcope by the Hair Screw, till the Bubble 
reſts exactly in the Middle of the Spirit- I ube; then 
obſerye where the Hair in the Teleſcope cuts the 
Staff, and direct your Aſſiſtant to move the Vane 
up or down, till the Hair cuts the Middle thereof, 
ſo that you may ſee as much of the Vane above the 
Hair as below it, and there give him a Sign to fix 
it; then direct the Teleſcope towards your ſecond 
Aſſiſtant, and proceed in the ſame Manner; ſo 
are the Vanes on cach Staff placed horizontally, or 
in a Level one with the other. 

Remove the Inſtrument to that Aſſ ſtant which 
is neareſt the Sun, if it ſhines, that you may have 
the Advantage of it's Rays upon the other Aſſiſ. 
tant's Vane, and there ſet down the Inſtrument as 
near the Staff as you can; then having ſet the 
Inſtrument” horizontal, fo that the Bubble reſts in 
the Middle of the Tube, obſerve what Diviſion 
on the Staff is then cut by the Hair in the Tele. 
ſcope, above or below the Middle of the Vane; 
for ſo many Diviſions muſt the other Aſſiſt ant's 
Vane be raiſed ar depreſſed, which direct him to 
do accordingly, 

But, becauſe the Inſtrument is 40 . diſtant 
from the Station- Staff, you muſt make an Al- 
lowance for the Earth's Curvature, which by the 
following Table you will find to be 16 + Parts, 
therefore let the Vane on the Staff be raiſed 16 57 
Parts, 


4 TABLSH 
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ATABLE ff the Earth's Curvature, cal- 
culated to the Thouſandth Part of a Foot, at 
the End of every Chain, from 1 Chain to 40. 


Chain. Dec. Feet|Chains Bec. Feet Chains|Dec. Feer|Chami|Dee. Fee 
| x |.ooo | 11 .013 | 21 |.046 | 31.099 
2 |.000 | 12 |.015 | 22 |.050 | 32 106 
3 ].oor | 13 |.017 | 23 [.053 | 33 |-I13 } 
| 4 |.002 | 14 | :020 | 24 . 06034. 120 
5 |.003 | 15 |.023 | 25 . 065 35 1.127 | 
6.00416 |.026 | 26 0% | 36 134 
| 7 |-005 | 17 |.030 | 27 1.075 | 37 [141 

8 |.o07 | 18 [.033 | 28 |.o81 | 38 [.149 : 

9 J. 08 | 19 |.037 | 29 |.087 | 39 [.157 | 
10 f. 010 20 . 041 | 3O 1.093 | 40 1. 66 

Now direct the Teleſcope to the Vane thus raiſed, 


and if the Hair cuts the Middle thereof, while 
the Bubble reſts in the Middle of the Tube, the 
Inſtrument is right; but if not, you muſt raiſe or 
depreſs the Teleſcope till the Hair cuts the Middle 
of the Vane; and then by the Help of the Screws 
that fix the Spirit- Tube to the Teleſcope, move 
the Bubble till it reſts in the Middle of the ſaid 
Tube: So is the Level adjuſted. 


4RCT, mM; 


Rules to be obſerved in Levelling, in order to find 
the different Height of any two Places; being 
uſeful for conveying Water, 2 Sluices, 
making Sloughs, &c. 


UPPOSE it was required to know whether Wa- 

ter may be conveyed in Pipes or Trenches, 
from a Spring-Head to any aſſigned Place. 

Fe | "M's: 1. At 
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1, At the Head of the Spring ſet up one of your 
Station · Staffs as nearly perpendicular as you can, 
and leave with one (whom you may call your firſt 
Aſſiſtant) proper Directions tar railing or depreſſing 
the Vane on his Staff, according to certain Signs 
e (ſtanding at your Inſtrument) ſhall give 
him: Alſo let him be provided with Pen, Ink, and 
Paper, to note down very carefully the Diviſion on 
the Staff which the Vane ſhall cut, when you make 
a Sign that it ſtands in it's tight Poſition. 
2. Carry your Inſtrument towards the aſſigned 
Place you are going to, as far as you can fee, ſo 
that 7 4 the Teleſcope you may but fee any 
Part of the Staff left behind, when the Inſtrument 
is ſet horizohtal ; and from that Place fend your 
ſecond Aﬀiſtant forwards, with his Station-Staff, 
with the fame Inſtructions as you gave your firſt 
Aſſiſtant. 

5 Set the Inſtrument horizontal, and direct the 
Teleſcope to your firſt Aſſiſtant's Staff; then bring 
the Bubble exactly to the Middle of the Tube, and 
when it reſts there, give a Sign for your Aſſiſtant 
ta nate the Parts of the Staff where the Vane reſts. 

4 Turn about the Teleſcope to your ſecond Aſ- 
fiſtant's Staff, and by the adjuſting Screw, as be- 
fore, ſet the Bubble exact: Then direct your ſecond 
Aſſiſtant to move the Vane higher or lower till you 
ſee the Hair in the Teleſcope cut the Middle of the 
Vane, (but in long Diftances the Hair will almoſt 
cover the Vane ; however, let it be in ſuch Manner 
that as much may be above the Hair as below it, 
as near as you can gueſs) and then give him a Sign 
to note the Diviſion on the Staff; and always let 
your Afiiſtants note the Diviſion cut by the Upper 

dee of the Vane, 

5, Let your firſt Aſſiſtant bring his Station-Staff 
from the Spring-Head, and give it to the ſecond 
Afﬀiſtant, and let your ſecond Aſſiſtant 2 0 

| | oOrwar 
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ward towards the aſſigned Place you are going to, 
and at a convenient Place erect it perpendicular; 
whilſt your firſt Aſſiſtant tarries at the Staff where 
Fo ſecond Aſſiſtant ſtood before. 

Place your Inſtrument between your two Aſ- 
1 ſomewhere about the Middle, if you can; 
and firſt direct the Teleſcope to your firſt Aſſiſtant's 
Staff, and when the Teleſcope is levelled to one of 
the Diviſions on the Staff, let him note that Divi- 
ſion in an orderly Manner under the firſt Obſerva- 
tion; and let your ſecond Aſſiſtant do the ſame : 
And in this Manner proceed over Hill and Dale, as 
ſtrait forward as the Way will permit, to the ap- 
pointed Place (by only repeating theſe Directions) 
though it be 20 Miles diſtant from the Spring-Head ; 
but in your whole Paſſage let this conſtant Rule 


be obſerved, otherwiſe great Errors will enfue, viz. 


That your firſt Aſſiſtant muſt at every Station ſtand 
between the Spring-Head and your Inſtrument, and 
your ſecond Alkan muſt always fland between 


the Inſtrument and the appointed Place to which 


the Water is to be conveyed. 

Being come to the ap Sites Place, let both your 
Aſſiſtants give in their N otes, which ought to ſtand 
in Manner and Form following, 


Firſt 4 Ali Fane D Notes. | Second Aff tant”s s Notes. 
Stations. | Parts. | | Stations. |- Parts. + 
1 —_ — * 1019 1 | O 1 | 330 | 
| & 24 512 1 9 2 540 | 
$..0 3 „ 1337 
| O 4 40 BB O 4 | 742 | 
| 04 1495 | 5 | 30 | 
3% ia 1430 | | © 7 | 30 
8 va 1149 | WA... = 227 

| dum 7857 Ln. | 328 = 
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Theſe Notes were collected from Obſervations 
made at ſeveral Stations between the Ground at the 
North-Gate at Hanover-Square, and the Surface of 
the Square-Pond by the Neu- River Head, near 
Iſlington. The firſt Aſſiſtant's Notes, when added 
together, amount to 78537; the ſecond Aſſiſtant's 
2268 ; the Difference 43, 86 Parts, that is almoſt 
46 Feet; and ſo much is the Pond higher than the 
Ground of that Part of the Square where the firſt 
Station Staff was planted. 

The following Obſervations were repeated in the 
Afternoon of the ſame Day, at quite different Sta- 
tions, from the Pond before- mentioned to the ſaid 
North-Gate of Hanover-Square; and then the two 
Aſſiſtants Notes ſtood in the following Manner: 


Fir Aſſſtanis Notes ; Second Afſiſtant”s Notes. | 
| Stations. | Parts. | Stations. 1 
© 1 290 |. ©: 1 |. 1278 
© 2 36 © 2 1515. 
3 77 3 
© 4 68 © 4 | 1500 
© 5 „ © 5 74 
© 6 1243 20-1 38 
© 7 998 [2 468 
© 8 437 O 8 774 
© 9 306 © 9 1066 
| Sum, —| 3513 Sum. 8108 


—— 


Theſe Notes, as obſerved in the Afternoon, 
being added together, and the leſſer ſubtracted out 
of the greater, the Difference is 45,95 Parts, which 
very nearly agrees with the former Obſervations 3 
being but +$ of a Foot Difference, which is in- 
conſiderable. b . 

Note, If from the firſt Aſſiſtant's Staff you mea- 


ſure any Number of Chains towards the Place you 
| ar 
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are going to, ſuppole 10, and there ſet down the 
Inſtrument, and then meaſure ten Chains forwarder, 
and there place the other Station-Staff ; you will 
have no Occaſion to make any Allowance for the 
Curvature of the Earth, becauſe the Inſtrument 
being-planted in the Middle of the Diſtance be- 
tween the Station Stafts, the Errors mutually de- 
ſtroy each other. 

But this Meaſuring of the Diſtances with the 
Chain, or otherwiſe, 1s very tedious, and indeed 
impracticable in many Cates, unleſs you make a 
Multitude of Stations: So if the Way between the 
two determined Piaces, whoſe different Height you 
would know, lies over Hills and Dales, as Fig. 45, 
you muſt in that Caſe make four or five Stations 
(otherwiſe you will not be able to ſee any Part of the 
Staff, when the Inſtrument is ſet horizontal) which 
might as well be done at one Station (as in the fore- 
going Obſervations) in the tollowing Manner : 


ERC: 


— — 


How to make Allowance for the Curvature of 
the Earth, when the Station-Staffs are plant- 
ed at unequal Diſtances from the Inſtrument. 


UPPOSE the Inſtrument was planted on the 
Eminence between the two Vallies A and B. 
Fig. 45. the firſt Aſſiſtant with his Station-Staff, 
ſtanding at C, and the ſecond at D; and it is re- 
8 5 know the different Height of the Hills 
and D. d 
Firſt ſet the Inſtrument horizontal; and, then 
direct the Teleſcope to the firſt Aſſiſtant's Staff at 
C, and by the adjuſting Screw ſet the Bubble exact, 
pblerving where the Hair cuts the Staff ; then 


| by 
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by Signs cauſe your Aſſiſtant to move the Vane 
higher or lower till the Hair cuts the Middle there. 
of; and then give him a Sign to note the Diviſion 
cut by the upper Edge of the Vane, which ſuppoſe 
r04 Parts from the Ground, and you will find the 
Dittance from the Inſtrument to the Staff at C t 

be about ten Chains *. 

Then direct the Teleſcope to D, and, proceeding 

in the fame Manner as before, you will find that 
the Hair cuts 849 Parts from the Ground: The 
Piſtance to D is about 35 Chains. 
Next look into the Table of Curvature, and, 
againſt 10 Chains, you will find one Part to be de- 
ducted from the Curvature of the Earth at that 
Diſtance, ſo will the firſt Aſſiſtant's Note be made 
103 Parts. 

Alſo againſt 35 Chains, you will find 122, which 
being deducted out of 849, there will remain 8 362 
Parts which muſt be noted by the ſecond Aſſiſtant, 

Now if 103, as noted by the firſt Aſſiſtant, be 
ſubtracted from 8 36, as noted by the ſecond, the 
Remainder will be 733; and fo much the Hull 
C is higher that the Hill D: But, if you have not 
the Table of Curvature at Hand, then you may find 
the Allowance that is to be made at any Diſtance, 
by this Rule: : 

Multiply the Square of the Diſtance in Chains 
by 31, and divide the Product by 300000. 

In this Manner, making an Allowance for the 
Curvature of the Earth, you may ſend a Station- 
Staff forwards half a Mile, or further, from the 
Inſtrument ; and take a Sight over ſeveral Vallies 
at once, the horizontal Diſtance in this Caſe being 
only regardable. 

Note, When Water is to be brought to any ap- 
pointed Place, there muſt be an Allowance of 47 


* Note, the Diſtance is here ſuppoſed to be found by tho 
Theodolite, or ſame other Inſtrument fitted for this 8 ol 
| nehe 
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Inches for every Mile, more than the ſtrait Level, 
for the Current of the Water; but if the Spring- 
Head be much higher than the appointed Place, to 


that the Water will have too violent a Current, the 


Pipes may be laid one up and another down ; and, 
inſtead of being laid in a ſtrait Line, the Water 
may be brought in a crooked ar winding Way. 


CHAP. 
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CHAP. II. 


Shewing the Uſe of the Theodolite, 
in drawing B uildings, &c. in Per- 


ſpective. 


2 A HEN a Building is to be drawn upon 
a Perſpective Plane (or Pifture) the Re- 
8 5 8 © preſentation of the ſeveral Objects ought 

NN to be delineated thereon according to 
their Dimenſions and different Situations, in ſuch 
Manner that the ſaid Repreſentations may produce 
the ſame Effects on our Eyes as the Objects whereof 
they are the Pictures. 

But without mathematical Rules tliis Repreſen- 
tation cannot well be found; for when Objects are 
drawn by only viewing or looking at them, their 
true Repreſentations will often be miſſed; whereas 
by the following Method they may always be ob- 
tained. 

For all Objects appear ſuch as the viſual Angle 
under which they are ſeen; which Angle is taken 
at the Eye, where the Lines meet that compriſe 
the Object; that is to ſay, an Object ſeen in a great 
Angle will appear great; and another ſeen in a 
little Angle will appear little, which is the prin- 
cipal Thing to be obſerved in Perſpective. 

So the Windows 6, 7, 8, Fig. 46, muſt be drawn 
on the Perſpective Plane of different Dimenſions (al- 
though on the Building one of them is really as big 
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as the other) according to the Angle which the Rays 
from their Extremities make with the Eye at z. 

Objects of equal Bigneſs appear greater or leſs, 
according to their Diſtance from the Beholder's 
Eye; ſo the Windows 6 and 8 are really one as 
big as another on the Geometrical Plane; but the 
Window 6, at the End of the Building, being nearer 
the Eye at z, than the Window 8 on the Front, it 
muſt be made ſo much larger on the Perſpective 
Plane, as the Window 6 1s nearer than that marked 
with 8. | 

Therefore, if the Angles, under which Objects 
appear, be given, thoſe Objects may be drawn on 
the Perſpective Plane (or Paper) according to their 
Dimenſions and' different Situations, in the ſame 
Form as they appear to the Beholder at any Diſtance. 

The Figures on the Geometrical Plane (or Build- 
ing) are compoſed either of ſtrait Lines, or Curves : 
Now, to find the Repreſentation of a ſtrait Line, 
it's Extremes need only be ſought : And, to find 
the Appearance of a Curve, we need only to find 
the Place of ſeveral Points therein. And hence it 
follows, that the whole Buſineſs of Perſpective con- 
liſts in finding only the Place of a Point. 

But theſe Points cannot be determined, unleſs by 
the Interſection of Right-Lines. And the Reaſon 
of theſe Sections is, That one Line can determine 
nothing: Therefore it is neceſſary, that there be 
two of them, which divide themſelves, (forming an 
Angle; for to have the Place of a Point, as will be 
ſeen in the following Example. 


The Inſtrument referred to in this Chapter, is ſuppoſed to 
take horizontal and vertical Angles, both at the ſame Time; 
and the Me hod here laid down may ſerve for an Amuſement, 
and to ſhew what Theory alone may do: But I fancy thoſe who 
are already acquainted with the Rules of Perſpective, would 
hardly be prevailed upon to make Uſe of a Theodolite for this 
Purpoſe ;, and for thoſe who are not, they had better make Uſe 


of a Camera Od/cura. 
Nun | by SECS. 
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8B CT. I. 


Let Fig. 46 repreſent a Building as viewed 
from Z, being the Place from which the 
Profped is defired to be taken. 


HE Inſtrument being planted at z, and the 
Staffs made to ſtand firm on the Ground, I 
ſet the Inſtrument exactly level; and with the Index 
at 360, and the Quadrant at o Degrees, I direct the 
Teleſcope to ſome Part of the Building, as to o, by 
turning about the whole Inſtrument, and there 
ſcrew it faſt, that it ſtir not out of this Poſition, 
till the ſeveral Obſervations be finiſhed. 
The Inſtrument being ſet level, the Index, when 
turned round on the Limb, carries the Teleſcope 
in a Line parallel to the Horizon, as x, y : And 


the Quadrant, elevated or depreſſed, moves always 


in a Circle vertical thereto, as , 2. 

Now with one Hand move the Index on the 
Limb, and with the other elevate or depreſs the 
Teleſcope as there ſhall be Occaſion, till you fee the 
croſs Hairs therein cut any Point on the Building ; 


and then note down on a Piece of Paper, the De- 


Feet and Minutes which the Index cuts on the 
imb in one Column, and call thoſe the horizon- 
tal Angles: Likewiſe note the Degrees and Mi- 
nutes cut by the Quadrant in another Column, 
and call thoſe the vertical Angles. : 

So the Teleſcope being directed to the Point a, 
the Index then cuts 7257, and the Quadrant 197 
307; and thoſe Obſeryations, when protracted, will 
give the Point 8. _ 

Likewiſe I make Obſervation of the Point 5; and 
then depreſs the Teleſcope to the Bottom of the 
Building at c, and the Index then cuts the fame An- 


gle 
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gle on the Limb as at 5, and the Quadrant 8 307%: 
But this Angle of Depreſſion muſt be marked with 
A, or ſome ſuch Mark, to diſtinguiſh it from the 
Angles of Elevation, that in protracting that Point, 
it may be known to be under the Horizon, or the 
55 | 5 

When the Inſtrument is planted at a conſiderable 
Diſtance from the Building, the Ground there may 
be higher or lower than any Part of the Building : 
And then all the Points will be above or under the 
Horizon; and in ſuch Cafe there will be no Occa- 
ſion for this Diſtinction. * 

In the ſame Manner I make Obſervation of ſo 
many Points ofi the right Side of the Houſe as is 
convenient; but, when the Teleſcope is directed to 
the Point on the left Side, the Index cuts 340 40/. 

Now this Number 340 40“ muſt not be noted 


for the horizontal Angle, but it's Complement to 


360 (viz.) i99 20', by ſubtracting 340 40/, out of 
360; but, it the Degrees be 5 e by ſmall Fi- 
gures from 360, the contrary Way, as 10, 20, 30, 
Sc. to 60, or further, as may conveniently be done, 
the Numbers will increaſe from 360, both to the 
Right and Left; and then the Index will always 
cut the Number denoting the horizontal Angle, in 
the ſame Manner as the Quadrant. En, 

_ Having obſerved the Point , the Index remain- 
ing at the ſame Angle on the Limb, I depreſs the 
Teleſcope to the Points, 4, 3, 2, t, and note the 
Degrees, Fr. cut by the Quadrant; which, when 
protracted, will give the Breadth of the Faces and 
their Diſtance one from another. | 

Next I obſerve the Points of the Window e i 4, 
in the left Wing of the Building; and, becauſe theſe 
Remarks are on the left Side of the Building, there- 
fore I note them by ſuch Names as I call the ſeveral 
Points I look at (inſtead of the Letters a, b, &c.) 
on the left Side of the Column of Obſervations, 
LY vix: 


| 
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vix. contrary to that Part of the Limb where the 
Index cuts (which remember) for when the Index 
is turned from 360, on the Limb towards the right 
Hand, the Teleſcope moves towards the left: And 
theſe Remarks, thus noted, muſt be protracted on 
the left Side of the vertical Line w z, Fig. 46. 
In making theſe Obſervations, 1. Ser the Inftru- 
ment level in that Place from which the Proſpect is 
 defired to be made; and, with the Index at 360, dire&? 
the Teleſcope. to ſome remarkable Place about the Mid- 
ale of the Building, and there fix the Inſtrument. 
2. The Remarks on the right Side of the Building 
enter in the Column of Obſervations on the right Hand; 
and è contra. n . 
3. If there be Angles both of Elevation and Depreſ= 
fron, mark the Angles of Depreſſion with &. = 
The Obſervations of moſt of the Points, that 
need to be taken of Fig. 46. in order to protract or 
draw the ſame in Perſpective, are inſerted in the 
following Table : And obſerve, that, if the. Build- 
ing be regular, there will need but few Points to be 
given; for, where you have the Height and Breadth 
of one Window given, with it's Diſtance from the 
next, the whole Row may thereby be drawn, being 
all of the ſame Dimenſions; but Objects more irre- 
gular muſt be drawn by obſerving FA many Points 
therein, as ſhall be neceſſary : But Practice in this 
Caſe is the beſt Guide. Ae 
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The Manner of Protratting theſe Obſervations, 
m order to find the Points of the Building. 


SECT, h. 


Fig. 40. 
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RSI draw a right Line x y, Fig. 46. for the 
horizontal Line; and at right Angles there- 
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with draw another Line w 2, which repreſents the 
vertical Line. | 


Set off the Points of Diſtance from * (viz.) from 


that Point where xy, and w 2, interſect one ano- 


ther: And, according to what Bigneſs you would 
have the Plan of the Building be, make the Diſtance 
bigger or leſs. If you would have the Draught 
large, make the Diſtance large: Et è contra. There- 
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fore ſet one Foot of the Compaſſes at o, and with the 
ſame Extent mark the Points of Diſtance x, y, z. 

The horizontal Angles muſt be drawn from the 
Point z, to the horizontal Line x y; and the verti- 
cal Angles from the Points x, or y, (according as 
the Remarks are noted on the right or left Side of 
the Columns) to the vertical Line wp g. 

The Index mult be at 360, and the Quadrant at 
0, when the Croſs Hairs in the Teleſcope cut the 
Point o on the Building: Therefore the Point » 
ſhall be the firſt Point of Sight on the perſpective 
Plan. | 

By the Table of Obſervation I find, that the In- 
dex cut 70 27“ on the Limb, and the Quadrant 19* 
30/, when the Teleicope was directed to the Point 
a: Therefore lay the Center of the Protractor to 2; 
and, becauſe the Letter @ is noted on the right Side 
of the Columns, lay the Limb on the right Side of 
the Line w 2, the Diameter being coincident there- 
with; and, againſt 7* 25, make a Mark cloſe by 
the Limb of the Protractor. 

Lay the Edge of a ſtrait Ruler to the Point of 
Diſtance z, and to that Point 7* 257; and where 
the Edge cuts the horizontal Line make a Mark. 

Lay the Center of the Protractor to the Point of 
Diſtance y, (becauſe à is noted on the right Side of 
the Columns) the Diameter coincident with the Line 
* , and, againſt 19* 30“ on the Limb, make a 
Mark. 

Lay a ftrait Ruler to that Mark, and the Point 
of Diſtance y; and where the Edge cuts the vertical 
Line w z, make a Mark at v. 

Laſtly, lay a parallel Ruler to the horizontal Line 
x y. and move it parallel thereto till the Edge cuts 
the Point in the vertical Line, and with the Com- 
paſs Point draw the obſcure Line 7 5. ET 

Then lay the parallel Ruler to the vertical Line 


20 Z, and move it parallel thereto till the Edge an 
| — 
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the Point 7, in the horizontal Line xy, and by the 
ſame Edge draw an obſcure Line 7 9; ſo ſhall the 
Interſection of theſe two Parallels determine the 
Place of the Point a, which was ſought. 

In the ſame Manner may the Point &, or any 
other Point be found: And then theſe Points, 
Joined with right Lines, ſhall repreſent the Lines on 
the Building, and bear an exact Proportion thereto, 
according to the Rules of Perſpective. 

The Point c 1s found in the ſame Manner as a, | 
only, becauſe the horizontal Angle 1s the ſame with 4 
the Point 4, you have no more to do but continue 3 
a ſtrait Line from , through the Point x in the ho- | 
rizontal Line, parallel to w z; and then lay the 7 
Center of the Protractor to y, with the Limb down- 
wards; becauſe c is marked with A (i. e.) under 
the Horizon; and draw the vertical Angle 8 307 
to 8 in the vertical Line; ſo ſhall a Line drawn 
parallel to x y, from the Point 8, cut the obſcure 
Line 5 c. at c, the Point ſought, 

The Points B, &, I, m, n, p, g, on the left Side of 
the Building, Fig. 46. have the ſame je. nd with 
a, b, c, d, e, ,, g, on the Right, and therefore pro- 
tracted in the ſame Manner; excepting this Diffe- 
rence, that becauſe the Points Y, k, I, &c. are on 
the left Side of the Building, therefore the ſame 
Points muſt be found on the left Side of the vertical 
Live w z, and the Protractor laid to the Point of 
Diſtance «; but the horizontal Angles are all laid 
off from the ſame Point of Diſtance z. 

Ob!erve, that, in protracting theſe Points, it is 14 
convenient, that the Numbers on the Semicircular — 1 
Protraftor ſhould be made to increaſe from the Di- | 
ameter both Ways, that the Numbers may be count- 
ed thereon, both to the Right and Left: And-then, 
in protracting any Point on a Building, 1. Draw the 

Mt N 3 horizontal 
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horizontal Angle from the Point of Diſtance 2 * 0 
the horizontal Line * Y, as to 7. 2, Draw the vertical 
Angle to che vertical Line, viz. as to r. 3. Draw 
Lines parallel to w 2, and. x y, through the Points 
t and 7; fo ſhall the Interſection of the two Paral- 
lels give the Point ſought. 

But theſe Points are found with much greater Ex- 
pedition, if the Paper on which you draw the Plan 
of the Building, be faſtened to a Drawjig- Board, 
and the Ang les laid down by the Sector in the fol- 
lowing Manger: 


For Example: Suppoſe the Point a, Fig. 46. 
was, ſought, 

Firſt, Draw two Lines by the Side of the T ce, 
croſſiog one another at right Angles, as xy, and w 2, 
Fig as.” 

Take between the Points of the Compaſits the 
Diftance 2 o, and Jet the SefFor, be opened to the 
ſame Extent, by ſerting one Foot of the Compaſies 
at the End of the T angent-Tine at 45, on one Side 
of the Sector, and let the other fall at the other 
End of the Tangent- Lire; At 45, on the other Side 
of the Sector. 

The Sector remaining at this Extent, ſet one Foot 
of the Compaſſes in the Tangent-Line on one Side 
of the Sector at 7? 25 the: horizontal Angle, as in 
the Table ; and let the other fall at 7 25/ on the 
other Side 3 this Diſtance fet from the Point of 
Sight 5, in the horizontal Line x y, to r. 

In tke ſame Manner, take off from the Sector the 
vertical Angle 197 30%, which let on the vertical 
Line w 2, from o to r. 

Laſtly, lay the Tee to the Drawing-Board, paral- 
lel to 2, ſo that the Edge cut through the Point 
t, and draw the obſcure Line # 9. ; 

Lay the Tee to the other Side of the Drawing- 
0574 parallel to xy: And, the Edge cutting through 
the Point r, draw the obſcure Line 7 53 ſo ys the 
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Interſection of theſe two Lines 7 9, and. v 5, give 
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the Point a, which was ſought. 
In the ſame Manner, may any other Point be 


found in as little Time as it could be obſerved by 


the Theodolite ; but if you have not a Drawing- 
Board, nor parallel Ruler, you may put the Paper 
on the Plain Table, and, by the Edge of the In- 


dex laid on the equal Diviſions, draw the Parallels ; 65. 


but a Drawing-Board is better. 
Haying found the Points n and &, both denoting 


the upper Part of the F acies, if you lay a Ruler to 


theſe two Points, and continue a ſtraight Line till it 


cuts the horizontal Line xy, as at /, that ſhall be 
the accidental Point (or, as the Draughts-Men 


ſometimes call it, the vaniſhing Point) which be- 
ing found, you may from thence draw Right-Lines 
to any other Points on the Draught which were 
viewed obliquely from z (and therefore the Figures 
on that Part of the Building muſt be made inclined 


on the Draught) and thereby find the Abridgment 


of all the Lines parallel to the Horizon on the Build- 


ing or-geometrical Plan, which is ſuppoſed parallel 


to the perſpectiye Plan or Picture. 

So wlien you have protracted the vertical Angles 
of 4, 3, 2, 1, and thereby found thoſe Points 
you may lay a Ruler to each of them, and the ac- 
cidental Point /, and thereby draw the Facies on 
the Wings of the Building, according to their 
Breadth and Diſtance from one another on the per- 
ſpective Plan or Draught. 

In like Manner having found the Points e, i, and 
z of the firſt Window, you may from e and i draw 
Lines to the accidental Point /, which will give the 
Bottoms and Tops of all that Row : And then you 
have nothing to do but find their Breadth and Diſ- 
tance ; and by theſe Directions draw all the Win- 
dows on that Wing of the Building. 

N 4 If 
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If a Statue, Coat of Arms, or other Object was 
placed at o, and it was deſired to p'ace the ſame (or 
another) a good deal higher, as at 7; but ſo, that 
the Object when placed at 1 ſhould appear full as 
big as when at o, being viewed from . 

Obſerve with the Theodolite the Angles under 
which the Object appears at o; as, if it was a Statue, 
obſerve the I from the F eet to the Head, c. 
and note the Angles with proper Remarks on a Piece 
of Paper; and then by directing the Teleſcope to 7, 
and ſetting the Quadrant and Index to the ſame 
Angles, you may give Directions how to make the 
Obſect at r of fuch Dimenſions, as, being viewed 
from 2, it will appear of the ſame Magnitude (or 
natural Height) with that at ; & vice verſa. 

I 4 ſame may be done, if Objects are deſired to 

be placed at a Diſtance, to appear of the ſame Size 
as thoſe that are nearer; with ſeveral other Pro- 
blems to, be performed by this Inſtrument, which 
the Ingenious will find out in the Uſe thereof: But 
I have already excecded what J intended on this 
Head, and ſhall only add two or three Aſtronomi- 
ca] Problems, which the Surveyor perhaps may 


find uſeful in Practice. 


CHAP, 
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GH AF. 1 


PROBLEM I. 


How to find a True Meridian-Line by Obſerving 
with the Theodolite. 


tions is in a clear Day, about 3 or 4 
Hours before and after Noon. 
In the Morning, having ſet the In- 
Rryimenit exactly level, move the Index horizon- 
tally, and the Quadrant vertically, till through 
the Teleſcope you ſee the croſs Hairs in the Center 
of the Sun: Then obſerve what Degrees and Mi- 
nutes are cut by the Index, ſuppoſe 3 25” which 
note in a Piece of Paper, as alſo the Angle of Ele- 
vation cut by the Quadrant. | 

About ſo many Hours after Noon, obſerve that 
the Quadrant be ſet exactly to the ſame Angle of 
Elevation as in the Morning; and then move the 
Index on the Limb till you ſee the croſs Hairs cut 
the Center of the Sun, as in the Morning ; and note 
the Degrees and Minutes which the Index then 
cuts on the Limb, ſuppoſe 64* 37”. 

But note, It is convenient in the Morning to make 
3 or 4 Obſervations 5 or 6 Minutes from one ano- 
ther; becauſe in the Afternoon you muſt wait till the 
Sun falls into the ſame Altitude as it had when you 
made the Obſervation in the Morning, (the Qua- 
drant remaining at the ſame Angle at both) and, if 


it ſhould happen to be obſcured by Clouds at that 
Inſtang, 
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Inſtant, your Labour will be loſt for that Day, 
having made but one Obſervation | in the Mornin 

Naw, if from 64* 377, the Evening Obſervation 
on the Limb, you ſubtract 2* 25 the. Morning 
Obſervation, the REmainder will be 61127, the 
Half of which is 302 3@'; to this half Sum 30* 
36, add the Morning! Obſervation 30257, and the 
Sum will be 34 1”. 

Laſtly, the Inſtrument remaining in the ſame be) 
firion, . bring the Index on the Limb to 345 
And the Quadrant and Teleſcope will be. e 
in the Planc of the Meridian: But, if the Obſer- 
vation on the Limb in the Morning exceed that in 
the Afternoon, you muſt add to che Afternoon's 
- Obſervation 360, and-work in Hke Manner ; and, 
if the Remainder ſhould exceed 360, you miſt 
"ſubtract 360 therefrom. . 

Now obterve what Point (on: ſome firm: Wall of a 
Building) is cut by the croſs Hairs in the Teleſ- 
cope, t ere cauſe a good Mark to be fixed, or 
"cauſe. a Pillar with a Mark thereon to: be ſet up by 
the. Pirection of the Teleſcope: Alſo take No- 
"tree; if you evuld. place the Mark a quarter or 
half a Mile diſtant from tho-Ipitrument, 1t45; bet- 
tet, than it it was nearer. And, in making/theſc 
Obſetvations, you ought to be very exact; be- 
cauſe, when a Merkdian- Line is onveewell fixed, it 
is very uſeful for diwers Purpoſes. 1 1 
Obſerve, When the Sun is near the Tropics,.the 
*Meridian+Line may be found well enough by obſer- 
Ving as aforeſaid: Bot when it is near the Equinox 
there will be ſome Variation; becauſe the Sun's 
Peclination is greater or leſs at different Times in 
the ſame Day, and conſequently, when in equal 
Altitudes, has different Azimuths. I herefore the 
Meridian- Line may be more truly found by the 
Pole-Star. 1 
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The following Table ſhews the Time from Neon, when 
the Pole-Star makes the greateſt Angle from the Me- 
ridian-Line towards the Eaſt, for any Time in the 


Year. 
January. February. | March. April. 
D. H. M. D. H. M. D. H. M. D. H. M. 
1 23 16 3˙ 0 31 os ig 8. 1217 27 
4 51 inne ee £2-:18-4%}| :9 17 0 
, 15 22 17 | 19:19 59 | 19 18 17 16 16 35 
22 21 48 | 26 19 33 26 17 52 23 16 7 
29 21 20 — — —— 30 15 40 
— — Rs boy om” — 2 — _ 
May. June. Judy. Auguſt. 
7 15 13 4:23 49 | „ 123 6:9 6 
14 14 4511 12 49 | 9 10 535 13 8 40 
21 14 1618 12 20 16 10 26 20 8 14 
28 13 4825 11 52 23 9 59 27 7 50 
a — 39 9 33 
September Ocfober. N ovember. | December. | 
3 7 23 1::5 42] 5 9 26. 3 1 26 
Vb 
17 6 3215 4 30/49 22717 0 24 
24 6 B | 22 4 22 26 157 124. 23 53 
eee Ln 


— 


—gyLB 


And, to God, the Time: that the Dole: Star will 


make the 


greateſt Angle to the Weſt of the Meri- 


dian, add .11 Hours 58 Minutes on the Time 


found in the Table. 


Alſo note, The Star comes 


to the ſame Place about 4 Minutes ſooner every 
24 Hours than it did the ** before. 
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The following Table ſhews the greateſt Angle which the 
Pole-Star makes with the Meridian in any of theſe 
Latitudes, viz. | 


Latitude. Angles. | 
| Deg. Min. Deg. Min. 
49 0 3 53 
1.49" 3@ | 3-5 
„ 
50 304 :00 
51 oo 4 3 
+ 51 32 4 -06--| 
52 oO | 4 og 
51 30 4 12 
$3 QO 1 4-15" 1 
#08: $0} 4-8 
| CD01} S-: 210-7 
eee 0-1-6 
| 55 0 4 27 
e 
6 00 4. 34: | 


) TREE: 


The Time that the Pole-Star comes to the Eaſt 
or Weſt of the Meridian, and the greateſt Angle 
which it makes therewith, being found by the pre- 
ceding Table; ſet the Theodolite horizontal, and 
bring the Index to 360 on the Limb; then turn the 
whole Inſtrument about, and elevate or depreſs the 
Teleſcope, till you ſee the Pole-Star in the Inter- 
ſection of the Hairs therein, and there {crew the 
Inſtrument faſt : Then (if the Obſervatian was made 
in the Latitude of London, 51* 32') move the In- 
dex on the Limb 4* 6“, (as by the Table) towards 
the right Hand or left, according as the Star 1s 
Weſtward or Eaſtward: And the Teleſcope will 
be ſet exactly in the Plane of the Meridian. 
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How to find the Latitude of any Place by the 
Theodolite. 


HE Inſtrument being ſet level, bring the 
Quadrant and Teleſcope into the Plane of the 
Meridian, and let the Index remain at the ſame 
Angle on the Limb; then elevate or depreſs the 
Teleſcope towards the Sun, at ſuch Time as you 


think it is near the Meridian, until you ſee the Croſs 


Hairs in the Center thereof, dividing it as it were 
into four equal Quarters; and obſerve exactly what 
Degrees and Minutes are then cut on the Quadrant, 
ſuppoſe 42” 15”, which note for the Sun's Meridian 
Altitude, 

By an Ephemerides, you may find the Sun's De- 
clination for the ſame Day, ſuppoſe 3* 47%, which 
if it be North Declination, ſubtract it from 42* 157, 
the Meridian Altitude, and the Remainder will be 
38% 28/, the Co-Latitude. 

But, if the Sun hath South Declination, add it to 
the Meridian Altitude, and the Sum will be the 
Co-Latitude ; which, ſubtracted from go', gives 
the Latitude of the Place. 


PROBLEM ZB. 
How to find when the Sun or any of the Stars 


are upon the Meridian. 


AVING the Co-Latitude of the Place, by 

the laſt Problem, and the Declination of the 

Sun given; add the Declination, if North, to 
the Co- Latitude; but, if South, ſubtract it, and 
the 
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the Remainder will be the Sun's Meridian Alti— 
tude for the Day, as aforeſaid, which ſuppoſe to be 
423-0, | 

Set the Quadrant to 42 15, and the Teleſcope 
will be elevated to the Meridian Altitude of the 
Sun; then note the Inſtant of Time by a Watch or 
Pendulum- Clock, when through the Teleſcope (re- 
maining at the fame Angle) you ſee the croſs Hairs 
cut the Center of. the Sun; for- at that Time is the 
Sun upon the Meridian, | 57 

And, if you proceed in like Manner the next Day, 
you will have the exact Limits of the natural Day, 
which muſt excced or want ſo many Seconds of 24 
Hours, by your Clock or Watch, as appears by the 
Equation-Table for the Day, if your Clock or 
Watch goes right. c 

In the ſame Manner you may obſerve when any 
Star comes to the Meridian; and, if the fame Star 
comes to the Meridian 3 Minutes, 56 Seconds and 
a half ſooner the ſecond Night than 1t did the firſt, 
your Pendulum-Clock or Watch keeps true Time, 
Se contra. Alſo if you ſubtract 3 Minutes, 56 
Seconds and a half, for each Night after that on 
which you made the firſt Obſervation, you will have 
the true Time of the Star's coming to the Meridian 
for each Night following. 

And thus may a Pendulum-Clock or Watch be 
adjuſted to the mean Motion of the Sun. 
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PROBLEM 4. 


How the Azimuth and Altitude of any of the 
fixed Stars are found by the Theodoltte. 


HE Inſtrument being ſet level, and exactly 

in the Plane of the Meridian, and there 

fixed, if you direct the Teleicope to any Star, it's 

Azimuth is ſhewn by the Index on the Linb, and 

the Altitude by the ng, both at the {ame 
Time. 
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